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Radionuclide Concentrations in Soils and Vegetation at
Low-Level Radioactive Waste Disposal Area G
during the 2002 Growing Season
(With a Summary of Radionuclide Concentrations
in Soils and Vegetation Since 1980)

J.W. Nyhan, P.R. Fresquez, K. Bennett, and E.A. Lopez

ABSTRACT

Soil samples were collected in 2002 at 17 locations and

unwashed overstory vegetation samples were collected at 10 locations
within and in the immediate vicinity of Area G, the primary disposal
facility for low-level radioactive solid waste at Los Alamos National
Laboratory (LANL). These samples were analyzed for *H, ***Pu,
239.240py, *'Sr, *'Am, “’Cs, and *“'U and were compared with similar
data collected from several regional background sampling locations.
Considering all radionuclide assays, 50% of all the soil samples and
43% of all the vegetation samples were considered detectable (results
were greater than the total propagated analytical uncertainty [99 %
confidence level]) and demonstrated concentrations greater than
regional statistical reference levels (RSRLs). Elevated concentrations
of *H, **Pu, and ****"Pu in soils and overstory vegetation were found
in 2002 at most sampling locations in and around Area G. Soil
samples were generally less than LANL screening action levels
(SALs), with the exception of *H found in one soil sample collected
along the southwestern perimeter of Area G. This sample had a *H
concentration of 22,000 pCi/mL, which is 3.4-fold higher than the *H
SAL of 6400 pCi/mL. Thus, exposure to Area G soils would result in
doses greater than the annual 15-mrem limit from any one
radionuclide or from all radionuclides combined at this location,
unlike all of the other locations where the SAL was not exceeded.
The radionuclide data over 17- and 11-year time periods, for soils and
vegetation, respectively, collected since 1980 was assembled,
compared with radionuclide RSRL and SAL values, and used to
determine statistically whether radionuclide concentrations were
increasing or decreasing with time. Statistically significant trends with
time were found in 19 out of 45 cases examined. Most radionuclide
concentrations in soils and in unwashed overstory and understory
vegetation were found to decrease with time. The exception involved
soil *H concentrations collected on the southern and southwestern
perimeters of Area G, which exhibited an upward trend with time.



1. INTRODUCTION
Solid radioactive wastes have

been disposed of by burial at Los
Alamos National Laboratory (LANL)
since the early 1940s (Purtymun et al.,
1980). Area G is a 25.5-hectare (63-acre)
low-level radioactive waste processing
and disposal area located on the east end
of Mesa del Buey at Technical Area
(TA) 54 (Figure 1). Area G  was
established in 1957 and is the
Laboratory's primary radioactive solid
waste burial and storage site (Soholt,
1990). Wastes for disposal include
contaminated equipment, paper, plastics,
clothing, building materials, soils, and
process wastes and are placed in pits,
trenches, or shafts and then covered with
fill material (Hansen et al., 1980). °H,
'y, #¥pu, #°**%pu, and a variety of
fission and activation products are the
main isotopes in waste materials
deposited at Area G (U.S. DOE, 1979).
As part of the Environmental
Surveillance Program (ESP) at LANL,
samples of air (LANL, 2002), water
(Mullen et al., 1996), small mammals
(Biggs et al., 1995, 1997; Bennett et al.,
1996; Gonzales et al., 2000a), and bees

(Fresquez et al., 1997a; Haarmann and

Fresquez, 1998, 1999) are collected
annually, semiannually, or as often as
funding permits from within and around
Area G to monitor and assess the site's
impact on the surrounding environment.
Radionuclides in game animals such as
elk and deer have also been assessed
around Area G (Ferenbaugh et al., 1999).
Radionuclide monitoring of soils,
sediments, and vegetation has been
reported for samples collected in 1980
(Mayfield and Hansen, 1983;
Environmental
1981), 1982
Surveillance ~ Group, 1983), 1985

Surveillance  Group,

(Environmental

(Environmental Science Group et al.,
1987a), 1986 (Environmental Science
Group et al, 1987b), 1987
(Environmental Protection Group et al.,
1990), 1993 (Conrad et al., 1995), 1994
(Conrad et al., 1996; Fresquez et al.,
1995), 1995 (Childs and Conrad, 1997,
Conrad et al., 1995; Fresquez et al.,
1996a), 1996 (Childs and Conrad, 1998;
Fresquez et al., 1997b), 1997 (Childs
and Conrad, 1998; Fresquez et al.,
1998a, b), 1998 (Childs and Conrad,
1999; Fresquez et al., 1999a, b), 1999
(Nyhan et al.,, 2000; Fresquez and
Gonzales, 2000), 2000 (Fresquez et al.,
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Figure 1. The location of Area G at Los Alamos National Laboratory.



2001; Nyhan et al.,, 2001), and 2001
(Fresquez et al., 2002). Several reports
covering multiple-year periods for soil
and vegetation monitoring have also
been published (Fresquez et al., 1996b,
1998b; Gonzales et al., 2000b; Jacobson,
1992a, b; Mullen et al., 1996).

Two components of the current
Area G surveillance program are the
assessments of soil and vegetation
within and around Area G for
radiological contamination. The soil
sampling program is the most direct
means of estimating the types,
concentrations, and distributions of
radionuclides in the environment within
and around nuclear facilities (Fresquez,
1998). Soil provides an integrating
medium, or reservoir, that can account
for contaminants released to the
atmosphere, either directly from gaseous
effluents, such as air stack emissions, or
indirectly from the resuspension of on-
site contamination (fugitive dust) (Healy,
1977). Subsequently, the knowledge
gained from the radiological surveillance
of soil is critical to provide information
about potential exposure by way of
several pathways that include soil

ingestion, consumption of food crops,

resuspension of radionuclides into the
air, and contamination of groundwater.
Exposure to radionuclides by these
pathways may result in radiation doses to
humans (Hakonson et al., 1981). The
uptake of radionuclides by vegetation
may also give some insight into surface
(Hansen et al., 1980) and subsurface
(Wenzel et al, 1987) pathways of
contaminants to humans from waste
disposal areas. Trees, in particular, have
been shown to be excellent indicators of
subterranean *H migration from low-
level radioactive waste disposal sites
(Rickard and Kirby, 1987).

In the late 1970s, the Atomic
Energy Commission issued interim
operational criteria for radioactive waste
areas owned or operated by them and
their contractors (EG&G Idaho, 1978,
1981; Dames and Moore, 1976). As a
first response to the surveillance
requirements listed in these criteria,
personnel from the Environmental
Surveillance Group at Los Alamos
Scientific Laboratory developed an
interim surveillance plan for the site’s
radioactive waste areas (Hansen et al.,
1980) to supplement the Laboratory’s

general  environmental  surveillance



effort. Since a portion of the original
program code for this program had the
designator “A411,” this program became
known as the A411 Program (Conrad et
al., 1995). The first announcement and
monitoring results of this program
appeared in the 1980 and 1982
Environmental Surveillance Reports,
respectively (Environmental
Surveillance Group, 1981, 1983), and
additional program results have been
reported in the 1990s (Conrad et al.,
1995, 1996; Childs and Conrad, 1997,
1998, 1999).

The A411 Program investigation
focuses principally on the possibility of
contaminated  sediment  movement
through surface-water runoff out of the
perimeter of Area G. Sampling locations
were intentionally selected to best
indicate possible contamination moving
outside the perimeter of Area G; thus,
these sampling locations should be
considered as those locations most
sensitive  to  possible contaminant
migration.

In the mid 1990s, another major
sampling program was initiated by the

Laboratory’s Ecology Group (RRES-

ECO) based on the assessment of

vegetation growing within and around
Area G for radiological contamination
(Fresquez et al., 1995). Pifion pine
(Pinus edulis) trees (overstory samples)
acted as the center of a 30- by 30-ft area
square, and grass and forb samples
(understory samples), as well as soil
samples were collected from the corners
of the square. Many direct comparisons
were made in this program with soil-
plant radionuclide relationships at
background locations positioned various
distances away from Area G.

All of these monitoring data
collected at Area G were compared to
radionuclide concentrations in soils and
vegetation collected from regional
background (RBG) locations. The
background areas are located away from
LANL, and radionuclide concentrations
result from naturally occurring elements
and/or from worldwide fallout.

The soils and sediment data
collected at Area G are also compared
with screening action levels (SALs)
established for 24 radionuclides by the
Environmental Restoration (ER) Project
at Los Alamos (ER, 2001). ER Project
radionuclide SALs are applicable for

screening contaminated soil at most



potential  release  sites and are
conservatively biased within the bounds
of the assumptions used in their
calculations. These SAL calculations are
based on a residential exposure scenario,
which includes exposure pathways for
incidental soil ingestion, dust inhalation,
plant ingestion, radon inhalation, and
external irradiation.

There are several reasons why the
ER Project uses a target dose limit of 15
mrem/yr to calculate radionuclide SALs
(ER, 2001). To approve cleanup
guidelines for releasing sites for
unrestricted public use, the US
Department of  Energy/Albuquerque
Operations Office requires that the site-
specific modeled dose does not exceed
15 mrem/yr (DOE-AL, 2000). A 15-
mrem/yr target dose limit is consistent
with  published US Environmental
Protection Agency (EPA) guidance and
is well below the basic dose limit of 100
mrem/yr above background established
in US Department of Energy Order
5400.5 (DOE, 1990). The EPA has
determined that a target dose limit of 15
mrem/yr equates to an approximate
increased lifetime cancer risk of 10'4,

and “is consistent with levels generally

considered  protective  in  other

governmental  actions,  particularly
regulations and guidance developed by
EPA in other radiation control
programs” (EPA, 1997).

The first objective of this annual
survey was to  measure  the
concentrations of selected radionuclides
in surface soils and unwashed overstory
and understory vegetation within and
around Area G during the 2002 growing
season. The surface soil data were also
collected at the A411 Program sampling
locations during 2002. All of these data
were then compared to soil and
vegetation radionuclide concentrations in
background samples collected at various
distances away from Area G and to the
radionuclide SALs.

The second objective of this
survey was to report on the results of all
of the known radionuclide monitoring
studies for soils and vegetation within
Area G and close to the perimeter of
Area G. A statistical test was then used
to determine whether radionuclide

concentrations were increasing or

decreasing with time since 1980.



2. METHODS
In March of 2002, the Soils,

Foodstuffs, and Biota Environmental
Contaminant  Surveillance = Program
Team of LANL’s RRES-ECO collected
17 samples of surface soils at former
RRES-ECO and A411 Project sampling
locations within and around Area G at
TA-54 (Figure 2). The RRES-ECO
sample location numbers are represented
as circles with numbers in the center of
each circle in Figure 2.

Each of the A411 Project
sampling locations contained an
aluminum stake with a brass tag (Conrad
et al., 1995) stamped with a unique site
identification number identified with a
“G-*“ prefix (shown without the “G-*
prefix in Figure 2). Table 1 lists all of
the sampling locations and location
descriptions that are shown in Figure 2.
Although most of the soil samples were
collected outside of and adjacent to the
Area G fence, several samples were also
collected inside of Area G. Sample
locations 3, 7a, and 7b are inside the
Area G fence. Samples from locations 1,
2, 3b, 4, 6b, 7c, 8, and all six of the
A411 Project samples were collected

outside the Area G fence. Location 8 is

west of Area G in the proposed

expansion area. RBG samples of soils
were collected as part of the ESP
(Fresquez et al., 2003a, b).

Several soil samples were
collected at the eastern end of Area G in
the vicinity of the transuranic (TRU)
waste pads, the site of the Transuranic
Waste Inspectable Storage Project
(TWISP), which was  described
previously (LANL, 2001). The TWISP
involves retrieving the TRU and TRU
mixed waste originally stored on above-
grade asphalt pads under earthen cover
(TRU Pads 1, 2, and 4). These wastes are
temporarily stored in fabric tension-
support structures (TWISP Domes)
constructed on an asphalt surface until
they are transported to burial at the
Waste Isolation Pilot Plant. On
December 19, 2001, waste handlers at
Area G unearthed the last of about
16,700 55-gallon steel drums and 200
fiberglass-reinforced plywood boxes
containing TRU waste that had been
stored for nearly 20 years on three
asphalt pads and then covered with tarps,
plywood, and earth (LANL, 2001).
Previous A411 Project studies (Childs
and Conrad, 1997, 1998, 1999; Conrad
etal., 1995, 1996) and one RRES-ECO
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Table 1. Sampling Locations Used in 2002 and Shown on Figure 2.

Location Description
Number
1 South of *H shafts immediately outside the Area G fence
2 West of the high-level °H shafts immediately outside the Area G fence
3 East of Pit 38 (inside the Area G fence)
3b North of Pit 38 outside the Area G fence
4 Outside the Area G fence north of the TRU Waste Pads 2 and 4
6b Southeast of TRU Waste Pad 4 outside Area G fence
7a Southeastern portions of Pits 17 and 18 (inside the Area G fence)
7b East end of Pit 7 (inside the Area G fence)
Tc North of Pit 8 outside the Area G fence
8 Proposed expansion area one-half mile west of the entrance gate to Area
G and outside the Area G fence
9 Background locations were near Bandelier National Monument
approximately 5 km south of Area G
G-29-03 Southwest of Pit 22 (outside the Area G fence)
G-31-01 Southeast of Disposal Trench C (outside the Area G fence)
G-41-02 East of the eastern end of Pit 2 and TRU Pad 4 (outside the Area G
fence)
G-43-01 North of TRU Pad 2 (outside the Area G fence)
G-48-02 North of Pit 10 (outside the Area G fence)
G-58-01 North of western end of Pit 38 near gate (outside the Area G fence)

study (Fresquez et al., 1999) have
confused the numbering of the TRU
Pads at Area G. The reason for this is
that they are incorrectly numbered in the
Facility for Information Management,
Analysis, and Display (FIMAD) system
(see Conrad et al., 1995; FIMAD Plot
Number 108583). Proceeding from west
to east, the TRU pads are correctly
numbered 1, 3, 2, and 4 (Figure 2). TRU
Pad 3 was never used to store wastes and

has had a light-brown-colored fabric

tension-support dome over it. Wastes
were first excavated from TRU Pad 1,
which still has a white-colored fabric
tension-support dome over it. TRU Pad
4 was excavated next and currently has a
crushed tuff flat surface; thus, location 6
at this pad was removed after sampling
in 1997 and is no longer available for
sampling (Fresquez, 1998). TRU Pad 2
was fully excavated in 2002 and used to
be the location of RRES-ECO sample

location 5.




a. Soil Sampling

At each of the A411 Project
sampling locations, grab samples of soil
were collected in March 2002 from the
top 15 cm (6 in.) of the soil surface with
either a stainless steel or a disposable
polystyrene scoop or scoopula (LANL,
1995). All of the other soil samples were
collected from the surface with a
stainless steel soil ring 10 cm (4 in.) in
diameter driven 5 cm (2 in.) into the soil
(ASTM, 1990). Samples were collected
from the center and corners of a square
plot of 10 m (33 ft) per side. The five
subsamples were combined and mixed
thoroughly in a 11.4-L (three-gallon)
Ziploc® bag, and a subsample from the
composite was placed in a 500-mL poly
bottle.

All soil samples were submitted
under full chain-of-custody (see
Appendix A) to Paragon Analytics, Inc.,
for analysis of 3H, 238Pu, 239’240Pu, 137Cs,
©y, *Sr, and **'Am. All quality
assurance/quality control requirements
were met by Paragon Analytics, Inc., as
well as by the RRES-ECO Quality
Assurance Project Plan (Fresquez and
Nyhan, 2003).

All methods of radiochemical analyses
described  previously

have  been

10

(Fresquez et al, 1996a; Childs and
Conrad, 1999). Radionuclide results
were reported in pCi/mL of soil moisture
for *H, ppm dry soil for “*U, and pCi/g
dry soil for all the other isotopes
(Appendix B).

b. Plant Sampling

Samples of overstory and

understory vegetation are normally
collected when both types can be found.
However, in June 2002, no understory
samples could be collected due to the
of tree shoots

drought.  Clippings

(overstory) were composited and
transported to the laboratory. Overstory
samples were collected at all sampling
locations from the same 10- by 10-m
plots as the soil samples. Overstory
samples were mainly from pifion pine
because pifion pine is the prevalent tree
in the vicinity of Area G (Tierney and
Foxx, 1982). Samples of the overstory
consisted of the tips of tree shoots
approximately 2.5 to 5.1 cm (1 to 2 in.)
in length, which were collected at a
height of 1.3 to 1.6 m (4 to 5 ft).
Personnel collecting samples
wore plastic gloves and used clean
shears to clip vegetation; gloves and

shears were decontaminated (washed



with soap and water) between sampling
locations. Vegetation clippings ranged
from 0.9 to 1.4 kg (2 to 3 1lb) of
composited material, which was placed
in labeled double-bagged Ziploc®
plastic bags and transported to the
laboratory in a locked ice chest. Each
sample was divided into two subsets to
provide enough material for *H analysis
and for the other radionuclides. Samples
were not washed and thus represent the
total concentration of radionuclides
deposited on the plant surfaces by
rainsplash and/or airborne deposition as
well as radionuclides taken up by plant
roots. The total radionuclide
concentration is a realistic measure of
the amount available to receptors that
consume the plants at Area G.

Part of the vegetation sample was
subsampled for *H analysis. The
subsamples were placed in glass beakers
to collect distillate water (Salazar, 1984).
The remaining portion of each
subsample was placed in a I-L glass
beaker and slowly ashed at 500°C for
120 h. The ashed sample was pulverized
and homogenized, then transferred to
labeled 500-mL poly bottles and

submitted with the distillate samples
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under full chain-of-custody to Paragon
Analytics, Inc., for the analysis of 3H,
238py, 239.240py 1370 tory 241 x4 90g
and “U; all quality assurance/quality
control requirements were met. All
methods of radiochemical analyses have
been described previously (Fresquez et
al., 1996a) and the methods for
estimating Total Propagated Analytical
Uncertainty (TPU) for all radiometric
described

(Nyhan et

in detail

2002).

analyses were

previously al.,
Radionuclide results were reported in
pCi/mL of tissue moisture for *H, ppm
ash for U, and pCi/g ash for all the
other isotopes. Results reported in grams
of ash are usually two to four orders of
magnitude greater than live (wet) weight.
c. Previous Studies

Several soil and plant sampling
studies have been performed at Area G
since 1980. The 17 soil sampling
campaigns and the 11 plant sampling
and

campaigns documented

described in Table 2 and Table 3,

arc

respectively. The sample locations for

every campaign are shown in Figure 3.
The database for soil

radionuclide concentrations (Table 2) is

considerably larger than the vegetation



Table 2.

Soil Sampling Studies Performed Since 1980 at Area G.

Samples
collected Sampling
Perimeter inside of Sample depth
Year samples Area G Sample designation types (cm) Reference
1980 8 7 G-1 through G-15 Core 0-1, 1-10*
Mayfield and Hansen (1983);
Environmental Surveillance
Group (1981)
1985 16 0 H-1 through H-16 Core 0-1,1-10°*
Environmental Science Group,
Environmental Surveillance
Group, and Health and
Environmental Chemistry
Group (1987a)
1986 17 0 H-1 through H-16 Core 0-5
Environmental Science Group,
Environmental Surveillance
Group, Health and
Environmental Chemistry
Group, and Waste
Management Group (1987b)
1989 11 0 1,1 through 16,1 Core 0-5 Jacobson (1992a, b)
1993 76 0 G-13-01 through G-58-01 Core 0-15  Conrad et al. (1995)
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Table 2. Soil Sampling Studies Performed since 1980 at Area G (Cont.).

Samples
collected Sampling
Perimeter inside of Sample depth
Year samples Area G Sample designation types (cm) Reference
1994 77 11 G-13-01 through G-60-01 Core 0-15 Conrad et al. (1996)
1995 44 5 G-29-01 through G-60-01 Core 0-15  Childs and Conrad (1997)
1996 35 5 G-29-01 through G-58-01 Core 0-15  Childs and Conrad (1998)
1996 5 4 1 through 9 Composite 0-5  Fresquez et al. (1997b)
core
1997 37 3 G-29-01 through G-58-01 Core 0-15  Childs and Conrad (1998)
1997 5 4 1 through 9 Composite 0-5 Fresquez et al. (1998a)
core
1998 35 4 G-29-01 through G-58-01 Core 0-15 Childs and Conrad (1999)
1998 Composite 0-5  Fresquez et al. (1999)
5 4 1 through 9 core
1999 43 9 G-29-01 through G-58-01 Core 0-15  Nyhan et al. (2000)
1999 5 4 1 through 9 Composite 0-5  Nyhan et al. (2000)

core
2000 14 4 G-29-01 through G-58-01 Core 0-15 Nyhan et al. (2001)
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Table 2. Soil Sampling Studies Performed Since 1980 at Area G (Cont.).

Samples
collected Sampling
Perimeter inside of Sample depth
Year samples Area G Sample designation types (cm) Reference
2000 5 4 1 through 9 Composite 0-5 Nyhan et al. (2001)
core
2001 14 3 Core 0-15  Nyhan et al. (2002)
G-29-01 through G-58-01
2001 5 4 1 through 9 Compositecor 0-5 Nyhan et al. (2002)
e
2002 15 3 G-29-01 through G-58-01 Core 0-15
This report: Nyhan et al. (2003)
2002 5 4 1 through 9 Composite 0-5
core This report: Nyhan et al. (2003)

* Radionuclide concentrations from both depths averaged.
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Table 3.

Vegetation Sampling Studies Performed Since 1980 at Area G.

Samples
Perimeter collected inside
samples of Area G
Sample Sample
Year 0s' Us' OS US designation types References
1980 5 9 2 11 Individual
G-1 through G-15 plant Maytield and Hansen (1983);
Environmental Surveillance Group (1981)
1985 17 12 0 0 Individual
H-1 through H-16 plant Environmental Science Group,
Environmental Surveillance Group, and
Health and Environmental Chemistry
Group (1987a)
1986 0 15 0 0 Individual
H-1 through H-16 plant
Environmental Science Group,
Environmental Surveillance Group, Health
and Environmental Chemistry Group, and
Waste Management Group (1987b)
1994 4 4 1 3 Individual Conrad et al. (1996)
G-13-01 through G- plant
60-01
1995 4 4 1 3 Individual Childs and Conrad (1997)
G-29-01 through G- plant
60-01
1996 4 4 1 3 1 through 9 Composite Fresquez et al. (1997b)
1997 4 4 1 3 1 through 9 Composite Fresquez et al. (1998a)
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Table 3. Vegetation Sampling Studies Performed Since 1980 at Area G.

Samples
Perimeter collected inside
samples of Area G
Sample Sample

Year 0s' Us' OS US designation types References
1998 4 4 1 2 1 through 9 Composite Fresquez et al. (1999)
1999 8 8 1 4 1 through 9 Composite Nyhan et al. (2000)
2001 8 7 1 3 1 through 9 Composite Nyhan et al. (2002)
2002 7 0 1 0 1 through 9 Composite This report: Nyhan et al. (2003)

'0S and US signify overstory (tree) and understory (grass and shrubs).
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Figure 3. Site-sample locations of soils and vegetation at Area G. (Site #8 is located farther west and Site #9 is located farther south
than what is shown here.) Samples designated by red circles in legend are described with a G-prefix in tables and text.
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database (Table 3). There were 457
perimeter soil samples collected at Area
G and 66 soil samples collected inside of
Area G (Table 2). In contrast, Table 3
lists only 111 vegetation samples
collected on the perimeter of Area G,
with 42 samples collected inside of Area
G.

In addition, radionuclide
concentrations in soil and vegetation
were monitored at RBG stations. These
background areas are located at such a
distance away from the Laboratory that
their radionuclide contents are mostly
due to naturally occurring elements or to
worldwide fallout. The soils database
will not be presented here as it is
published every year in the ESP report.
However, the database for the
radionuclides in vegetation at RBG
stations has not been published
consistently in one publication, so this
information is summarized in Appendix
C. The data presented in Table C-1 of
this appendix list only 30 vegetation
samples collected since 1994 for

radionuclide analysis.

d. Statistical Methods used for Analysis
of Historical Radionuclide Data

Goodness-of-fit tests indicate

whether or not it is reasonable to assume

that a random sample comes from a

specific distribution. Statistical
techniques often rely on observations
having come from a population that has
a distribution of a specific form (e.g.,
normal, lognormal, Poisson, etc.).
Standard control charts for continuous
measurements, for instance, require that
the data come from a normal
distribution. Accurate lifetime modeling
requires  specifying  the  correct
distributional model. There may be
historical or theoretical reasons to
assume that a sample comes from a
particular population, as well. Past data
may have consistently fit a known
distribution, for example, or theory may
predict that the underlying population
should be of a specific form.

The Shapiro-Wilk test, proposed
in 1965 (Shapiro and Wilk, 1965),
calculates a W statistic that tests whether
a random sample, X;, X, ..., X, (where
X is a particular radionuclide
concentration for a sample collected at a
specific sampling time and location in
this study) comes from (specifically) a
normal distribution.

Small values of W are evidence

of departure from normality; this test has



done very well in comparison studies
with other goodness-of-fit tests (see

http://www.itl.nist.gov/div898/handbook

/prc/section2/prc213.htm).

Correlations measure how
variables or rank orders are related. In

our case, we are interested in finding out

whether or not radionuclide
concentrations  are  increasing  or
decreasing  with  time. Pearson’s

correlation coefficient (Pearson, 1931) is
a measure of linear association: two
variables can be perfectly related, but if
the relationship is not linear, Pearson’s
correlation  coefficient is not an
appropriate statistic for measuring their
association.

When the data were not normally
distributed, we used a rank correlation
method, where Kendall's tau-b (Kendall,
1975) coefficients were calculated
instead. This method does not require an
assumption of normality since it uses the
ranks of the observations to estimate the

correlation coefficient.

3. RESULTS FOR SAMPLES
COLLECTED IN 2002

a. Soil Radionuclide Concentrations
Results of radionuclide concentrations in

soils are given in Table 4. The chain-of-

custody records and actual Paragon
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Analytics, Inc., analytical reports are

included in Appendices A and B,
respectively, for reference.
Considering all radionuclide

assays and all of the samples collected
(except for samples collected at locations
8 and 9), detectable concentrations of
radionuclides (assays with values greater
than the TPU [99% confidence level])
were found in most soil samples. None
of the assays for soil *’Sr were detectable
and only 33% of the soil *’Cs assays
were detectable.

Of the 15 soil samples collected
in and around Area G (excluding the
samples from locations 8 and 9), 93%,
93%, 47%, and 60% of the samples
contained 239’240Pu, 3H, 241Am, and 238Pu,
respectively, that were both detectable
and  greater than the  RSRL
concentrations of these radionuclides
(bold values in Table 4). The RSRL is
the mean plus two standard deviations of
the upper 95% confidence interval of
RBG sample concentrations collected
from 1998 through 2002 (Fresquez et al.,
2003a). The data for the RBG
concentrations were collected in 2002
Cochiti, and

from Embudo, Jemez,

Bandelier (Fresquez et al., 2003a).



Table 4. Mean Radionuclide Concentrations (TPU, 99% confidence level) in Soils (dry weight) Collected from Area G in
2002". Bold Values are Equal to or Greater Than Both the TPU and Regional Statistical Reference Level (RSRL) Values.

Sample Radionuclide
Locations *H (pCi/mL)* “TAm (pCi/g) B7Cs (pCilg) >¥pu (pCilg) #9240py (pCi/g) “Sr (pCilg) toty (ppm)
1 370 (71) 0.0088 (0.0074) 0.42 (0.21) 0.0023 (0.0053) 0.027 (0.012) 0.12 (0.27) 3.2 (0.87)
2 273 (53) 0.0053 (0.0055) 0.32 (0.33) 0.0046 (0.0062) 0.026 (0.011) 0.21 (0.24) 2.9(0.81)
3 7.2 (3.2) 0.021 (0.012) 0.36 (0.13) 0.010 (0.0071) 0.045 (0.015) 0.15(0.24) 2.7 (0.74)
3b 6.7 (3.3) 0.010 (0.0077) 0.35(0.17) 0.0069 (0.0057) 0.020 (0.010) 0.050 (0.24) 2.5 (0.69)
4 3.3(3.0) 0.21 (0.053) 0.78 (0.30) 0.53 (0.15) 0.41 (0.12) 0.30 (0.27) 3.5(0.90)
6b 2.0 (2.3) 0.031 (0.015) 0.15(0.12) 0.010 (0.015) 0.12 (0.048) 0.21 (0.27) 2.2 (0.65)
Ta 152 (29) 0.0033 (0.0057) 0.046 (0.074) 0.016 (0.017) 0.0090 (0.011) 0.030 (0.24) 3.2 (0.81)
7b 6.1 (2.4) 0.0075 (0.0083) 0.028 (0.072) 0.0081 (0.0060) 0.061 (0.018) -0.040 (0.195) 3.2 (0.89)
Tc 6.9 (4.2) 0.052 (0.020) 0.021 (0.075) 0.035 (0.015) 0.35 (0.075) 0.070 (0.21) 2.5 (0.69)
8 1.7 (2.7) 0.0064 (0.0060) 0.35(0.14) 0.0023 (0.0045) 0.027 (0.011) 0.10 (0.21) 3.0 (0.84)
G-29-03 22000 (4200) 0.0081 (0.0072) 0.42 (0.17) 0.0041 (0.0048) 0.026 (0.011) 0.12 (0.23) 2.9 (0.74)
G-31-01 470 (90) 0.0071 (0.0075) 0.11 (0.081) 0.0069 (0.0066) 0.029 (0.012) 0.060 (0.21) 2.6 (0.69)
G-41-02 4.8 (2.9) 0.15 (0.041) 0.52 (0.18) 1.9 (0.36) 0.55 (0.11) 0.20 (0.24) 3.7 (0.93)
G-43-01 6.4 (3.5) 0.37 (0.084) 0.47 (0.21) 0.28 (0.062) 0.61 (0.12) 0.17 (0.26) 3.1(0.81)
G-48-02 8.3 (3.6) 0.16 (0.044) 0.56 (0.23) 0.19 (0.047) 0.77 (0.15) 0.12 (0.23) 3.0 (0.83)
G-58-01 6.3 (2.7) 0.0091 (0.0074) 0.55 (0.21) 0.0039 (0.0065) 0.032 (0.014) 0.19 (0.24) 3.0 (0.80)
BG (9) 1.0 (1.7) 0.0056 (0.0051) 0.32 (0.14) -0.00090 (0.0036) 0.011 (0.0066) 0.10 (0.23) 2.9 (0.75)
RBG® 0.29 0.0059 0.23 0.00099 0.0085 0.18 2.2
RSRL* 0.73 0.014 0.45 0.0044 0.019 0.36 3.2
SAL® 6400 39 5.3 49 44 5.7 100

'See Table 1 and Fig. 1 for sample location points; samples without a G prefix collected at the 0- to 2-inch depth; samples with a G prefix collected at the 0- to 6-

inch depth.

*Concentration for *H is based on soil moisture: a value of 1900 is equivalent to a value of 260 pCi/g *H for a soil at a water content of 12%.

Regional background is the mean background concentration for samples collected in 2002 for samples from Embudo, Cochiti, Jemez, and Bandelier.
*Regional statistical reference level; this is the upper (95%) level background concentration (mean + 2 std dev) from 1998-2002 for samples from Embudo,

Cochiti, Jemez, and Bandelier (Fresquez et al., 2003a).
>Screening Action Level (ER, 2001).
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One sample collected on the
perimeter of Area G exceeded the SAL
concentration for *H in soils (Table 4).
The soil sample collected at location G-
29-03 exhibited a *H concentration of
22,000 pCi/mL, compared with the *H
SAL level of 6400 pCi/mL. Exposure to
this soil would result in doses greater
than the annual 15-mrem limit from any
one radionuclide or from all
radionuclides combined, unlike the soils
at all of the other sampling locations
where the SAL was not exceeded. Thus,
in accordance with the procedures set
forth in our Quality Assurance Project
Plan (Fresquez and Nyhan, 2003), Area
G personnel and Laboratory managers
were notified of this occurrence in
August 2002.

Several sampling locations were
close to one another within the two
project sampling schemes and yielded
similar radionuclide concentrations for
samples collected outside of Area G in
2002 (Figure 2, Table 2, Figure 4). Near
the *H shafts, sample location 1 was
close to location G-31-01, and sample
location 2 (Figure 4) was close to

sampling location G-29-03 (the location

21

with the elevated soil *H concentration).
Sample locations 3b and G-58-01 are
near the northwestern corner of Area G.
Sample locations 6b and G-41-02 are
both near the corner of Area G that is
either south or east of TRU Pad 4.
Sample locations 4 and G-43-01 are all
directly north of the TRU pads. Sample
locations 7c¢ and G-48-02 are both north
of Pit 8 on the northern extremity of
Area G.

The *H concentrations observed
in the soil samples exhibited substantial
spatial variability (Table 2, Figures 4 and
5): 93% of the soils analyzed for *H had
concentrations that ranged from 1.0 to
1000 pCi/mL. Samples in the proximity
of the *H shafts (locations 1, 2, 7a, G-29-
03, and G-31-01) contained an average
*H concentration of 4653 pCi/mL in
2002, compared with a value of 681
pCi/mL in 2001 (Nyhan et al., 2002).
These locations also contained the
largest concentration of *H observed in
the study, 22,000 pCi/mL: more than the
SAL of 6400 pCi/mL. Several other soil
samples containing *H concentrations

greater than the RSRL occurred around

the northeastern corner and northern
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Figure 4. ’H concentrations in soil samples collected outside of Area G in 2002.
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Soil Sampling Locations Inside of Area G in 2002
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Figure 5. *H concentrations in soil samples collected inside of Area G in 2002.
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perimeter of Area G (locations 6b, G-41-
02, 4, G-43-01, 7c, G-48-02, 3b, and G-
58-01). The latter soil samples contained
an average “H concentration of 5.6
pCi/mL and a maximum °H
concentration of only 8.3 pCi/mL.

The "*’Cs concentrations observed in the
soil samples exhibited much less spatial
variability than *H (Table 2): the mean
7Cs concentration of all of the soil
samples (except the samples from
stations 8 and 9) collected was 0.34
pCi/g with a coefficient of determination
(standard deviation multiplied by 100
divided by the mean concentration) of
only 67%. Concentrations of *’Cs found
in soils collected at Area G in 2002
ranged from 0.021 to 0.78 pCi/g. Over 67%
of the soil samples analyzed for *’Cs
had concentrations that were less than
RSRLs, regardless of how and where the
samples were collected (Table 4). Only
the samples from locations 4, G-41-02,
G-43-01, G-48-02, and G-58-01
contained "*’Cs concentrations slightly
greater than the RSRL.

U were

Concentrations of
lower than RSRLs for all Area G

locations except for locations 4 and G-
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41-02 (Table 4), similar to the results for
samples collected in 2001 (Nyhan et al.,
2002). Uranium concentrations in
Bandelier Tuff range up to 11 ppm
(Crowe et al., 1978) and could explain
the observed variation in the results.

tot

Concentrations of ~ U in the soil samples

ranged from 22 to 3.7

ppm,
concentrations that do not pose
significantly larger health risks than
RBG concentrations to humans or the
environment.

Concentrations of 2****’Pu found
in soils collected at Area G in 2002
ranged from 0.0090 to 0.77 pCi/g, whereas
8Py concentrations ranged from 0.0023
to 1.9 pCi/g (Table 4). Both of these
ranges in concentrations are about the
same as those reported for 1999, 2000,
and 2001 (Nyhan et al., 2000, 2001,

2002). The concentrations of *°?*°p

u
and *Pu found in soil samples were
usually greater than RSRLs, regardless
of how and where the samples were
collected at Area G. Almost 93% and
67% of the soil samples (excluding
samples from stations § and 9) contained

greater than RSRL concentrations of

239,240 238 -
“""Pu and “""Pu, respectively.



The concentrations of 2*°**°Py
and ***Pu found in soil, as well as the
ratios of their concentrations, are
presented in Figures 6 and 7 for the
samples collected outside and inside of
Area G, respectively. Thus, although the
soil at location G-48-02 contained the

concentration of 2%*'py

largest
(0.77pCi/g), the soil from location G-41-
02 contained the largest concentration of
238py (similar to the results for the
samples collected in 2000 and 2001)
(Nyhan et al, 2001, 2002).
Concentrations of these two isotopes in
soils were not significantly correlated (o
=0.05, n = 12). However, when we took
into account that concentrations of both
of these radionuclides were log-normally
distributed, the results of a single factor
analysis of variance test of the log-
transformed values showed these two
radionuclides were

0.00024,

significantly

correlated (a = n = 12,
’=0.76), as can be observed by
inspection of Figures 6 and 7.

Over 92% of the soil samples
collected contained ratios of the
concentrations of >****'Pu to ***Pu with

values ranging from 1 to 10; this ratio
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ranged from 0.29 to 12 for all of the

samples  collected (samples from
locations 8 and 9 excluded) (Figures 6
and 7).

Perimeter soil samples collected
on the eastern corner of Area G (sample
location 6b) and the north-central section
of Area G (locations 7c¢ and G-48-02)
exhibited the

238
Pu

large  ratios  of

concentrations of *****Pu to
(Figures 2, 6, and 7). These three sample
locations are near the TRU pads and pits
8,9, 10, 12, 13, 15, and 16, respectively,
all of which contain waste that was
contaminated with both plutonium
isotopes.

About half of the soil samples
analyzed for **'Am had concentrations
that ~were greater than RSRL
concentrations (Table 4, Figures 8 and
9). Concentrations of *Am found in
soils collected at Area G in 2002 ranged
from 0.00033 to 0.37 pCi/g. However,
with a sample size of only 15, **'Am
concentrations observed in the soil
samples exhibited about the same spatial
variability as either *H (Figures 4 and 5)
or plutonium (Figures 6 and 7). About

74% of the soils analyzed for **' Am in
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Figure 6. Plutonium concentrations and plutonium isotope ratios in soil samples collected outside of Area G in 2002.
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Soil plutonium concentration (pCi/g)

Plutonium concentrations and ratios for soils collected inside of Area G in 2002
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Figure 7. Plutonium concentrations and plutonium isotope ratios in soil samples collected inside of Area G in 2002.
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Figure 8. Concentrations of **' Am in soil samples collected outside of Area G in 2002.
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2002 had concentrations that were less
than 0.10 pCi/g.

Another observation concerning
the distribution of **! Am concentrations
in the soils at Area G related to the
occurrence of soil ****°Pu (Figures 10
and 11). The concentrations of 1 Am

and 239,240Pu

were  significantly
correlated for the samples collected
outside of Area G (I’ =0.67, n = 12).
This probably means that the source
terms in the wastes buried at Area G for
both of these radionuclides are similar,

as well as their migration mechanisms.

b. Radionuclide Concentrations in
Plants

Table 5 shows radionuclide
concentrations in unwashed vegetation
collected from within and around Area G
during the 2002 growing season. The
Paragon Analytics, Inc., analytical
reports are included in Appendix B for
reference. Only overstory vegetation
samples were gathered at each sampling
location, because there were no
understory samples available at the
sampling locations in sufficient quantity
to sample in 2002 due to the on-going
drought.
Unlike the radionuclide data

shown in Table 4 for the soils, most
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radionuclide concentrations in unwashed
overstory vegetation were usually not
equal to or greater than both the TPU
(99% level) and RSRL
values (bold values in Table 5). The

confidence

RSRL mean values plus two standard
deviations were calculated from data
collected from 1998 to 2002 (Table C-1).
Of the eight vegetation samples collected
in and around Area G (excluding
samples collected at sampling locations
8 and 9), 100%, 63%, 50%, and 38% of

the samples contained H, *°**Py

28py, and **'Am, respectively, greater
than both the TPU (99% confidence
level) and RSRL values.

The °*H concentrations in
vegetation samples (excluding samples
collected at sampling locations 8 and 9)
had a mean concentration of 116 pCi/mL
and ranged from 2.2 to 762 pCi/mL for
the eight samples assayed (Table 5,
Figure 12). As in previous years (Nyhan
et al., 2002), ’H concentrations in
overstory vegetation collected outside of
Area G and adjacent to the °H shafts
(locations 1 and 2) exhibited the largest
concentrations of any of the samples

collected outside of Area G (Figure 12).

Vegetation samples collected outside of
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Figure 10. Concentrations of > Am and »**?**'Pu in soil samples collected outside of Area G in 2002.
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Figure 11. Concentrations of **' Am and »****Pu in soil samples collected inside of Area G in 2002.
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Table S. Radionuclide Concentrations (TPU, 99% confidence level) in Unwashed Vegetation Collected from Area G in 2002
(Understory Vegetation Samples not Collected due to Drought). Bold Values are Equal to or Greater than Both the TPU and

RSRL Values.
Sample Location *H HAm YCs Bipy 239.240py *Sr 'y
and Type1 (pCi/mL)2 (pCi/g ash) (pCi/g ash) (pCi/g ash) (pCi/g ash) (pCi/g ash) (ppm ash)
1-0S 762 (146)  0.049 (0.026)  -0.27 (0.49)  0.0045 (0.0057) 0.11 (0.035) 3.9(1.1)  0.63(0.15)
2-0S 122 (24) 0.013(0.010)  -0.070 (0.38)  -0.0017 (0.0093)  0.029 (0.018) 47(1.3)  0.49(0.13)
3-0S 8.8 (1.8) 0.040 (0.035)  -0.18 (0.54)  0.0064 (0.0069)  0.029 (0.015)  1.4(0.39)  0.80 (0.20)
3b-0S 3.0 (0.81) 0.011 (0.011) -0.050 (0.51) 0.0057 (0.0083) 0.035 (0.018) 2.9(0.78) 0.78 (0.18)
4-08 13 (2.6) 2.7 (0.53) 0.23 (0.38) 0.084 (0.030) 2.4 (0.51) 12(3.2)  0.57(0.15)
6b-0S 2.2 (0.68) 0.41 (0.096) 0.14 (0.75) 0.026 (0.014) 0.74 (0.17) 4.1(1.1)  0.39(0.11)
7¢-0S 8.6 (1.8) 0.047 (0.020)  -0.13 (0.54)  0.013 (0.0098) 0.12 (0.036) 42(1.1)  0.48(0.13)
8-0S 8.5(1.8) 0.011 (0.041)  -0.12(0.47)  0.0036 (0.0048)  0.0021 (0.0042) 3.4 (0.93) 0.72(0.18)
GA1.00-08 12 2.4) 5.3 (1.1) -0.29 (0.77) 0.26 (0.063) 5.9 (1.2) 3.2(0.87)  0.77(0.18)
BG-0S (9) 8.0 (1.7) 0.0009 (0.007) -0.13 (0.52) 0.0005 (0.0039) 0.0025 (0.0047) 4.1(1.1) 0.89 (0.21)
RBG-0OS® 0.00 (0.16) 0.0025 (0.0019) 0.13 (0.54) -0.00070 (0.0036)  0.0059 (0.0042) 2.2(0.75)  0.39(0.18)
RSRL-OS* 0.50 0.051 0.24 0.013 0.068 12 0.76

'Sample locations shown in Figure 2, and BG = background (south and upwind of LANL). Sample type: OS is overstory vegetation (trees).

% Concentration for *H is based on moisture in vegetation.

*RBG-OS is the regional background overstory vegetation samples collected from Embudo, Cochiti, and Jemez in 2002 (Fresquez et al., 2003).

“‘Regional Statistical Reference Level; this is the upper (95%) level background concentration (mean + 2 std dev) for overstory samples collected from Embudo, Cochiti, Jemez,

Bandelier, Espaiiola, and Santa Fe from 1998-2002.
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Figure 12. Concentrations of *H in overstory samples collected at Area G in 2002.
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Area G immediately north and
east of the TRU waste pad, at locations 4
and G-41-02, respectively, exhibited *H
concentrations that were only slightly
elevated over RSRL *H concentrations.
An analysis of how these concentrations
are changing with time will be presented
in the next sections of this report.

The concentrations of **'Am in
the overstory samples collected at Area
G (excluding samples collected at
sampling location 8 and 9) ranged from
0.011 to 5.3 pCi/g ash (Table 5, Figure
13). Just as with °H concentrations,
*Am  concentrations in vegetation
samples collected at stations G-41-02
and 4, adjacent to the TRU waste pads,
were greater than both the TPU and
RSRL values (Table 5). These samples
also exhibited the largest concentrations
found in vegetation samples in 2002;
similar results were found in 1999 and
2001 (Nyhan et al., 2000, 2002).

Plutonium  concentrations in
plants (excluding samples collected at
sampling locations 8 and 9; see Table 5,
14 and 15)

undetectable to 0.26 for 2**Pu and from

0.029 to 5.9 pCi/g ash for ****°Pu. The

Figures ranged from

plutonium concentrations of overstory
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samples collected on the northeastern
perimeter of Area G from locations 6B,
G-41-02, and 4 were equal to or greater
than both the TPU and RSRL values
(bold values in Table 5). These data
correlated well with the results for
Am, as well as the elevated soil
plutonium  concentrations  presented
previously (Table 5, Figure 6), which
was to be expected since the samples
were collected near the TRU pads.

Most of the concentrations of
7cs, *Sr, and U found in the
overstory vegetation samples collected at
Area G were less than both the TPU
(99% confidence level) and RSRL
values (bold values in Table 5), similar

to the results exhibited by the soil
samples (Table 5).

4. SAMPLING DATA
COLLECTED SINCE 1980 AT
AREA G AND STATISTICAL
ANALYSIS OF DATA FOR TRENDS
WITH TIME

a. Overview
The radionuclide data for 17 soil

and 11 vegetation sampling campaigns
(described in Tables 2 and 3; shown in
Figure 5; listed in Appendices D, E, and
F) were assembled and compared with
radionuclide RSRL and SAL values. The

radionuclide values were then plotted as
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Figure 13. Concentrations of **' Am in overstory samples collected at Area G in 2002.
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Figure 14. Concentrations of ****"Pu in overstory samples collected at Area G in 2002.
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Figure 15. Concentrations of 28py in overstory samples collected at Area G in 2002.
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a function of time and location around
and inside of Area G. Since the waste
use history of Area G varied spatially
with time over this large area, soil and
vegetation samples from the various
sampling campaigns were analyzed as a
function of their counterclockwise
distance around the perimeter of Area G,
and were segregated into various
groupings of radionuclide data. Besides
the group of samples collected inside of
Area G, four perimeter groups were
arbitrarily defined, as illustrated in
Figure 3:
(1) Southwestern perimeter (sample
locations 8 through 30-01)
(2) Southern
locations 30-01 through 36-02)

perimeter (sample

(3) Eastern perimeter (sample locations
36-01 through G-13 and 42-01), and
(4) Northern
locations 1,1 through 60-01).

perimeter (sample

Radionuclide concentrations in
overstory and wunderstory vegetation
samples were maintained as separate
databases. Since there were fewer
vegetation samples collected with time
than soil samples, each of these two
databases could only be grouped into
samples collected both along the external
perimeter of Area G (adjacent to the
fence) and inside of Area G.

An overview of both of the
vegetation data bases and the soils data
base is presented in Table 6 to give the

reader a sense of the properties of each

Table 6. Total Number of Samples and Number of Samples with Radionuclide
Concentrations Equal to or Greater Than RSRL Concentrations in Data Sets used in
Statistical Trend Analysis at Area G (sample data from locations 8 and 9 omitted).

Total Number of % of
number of samples samples

= RSRL > RSRL

Case Sample

Number Type' Sample Location Radionuclide Samples

1 oS Perimeter ‘H 53 41 77
2 0S Inside Area G *H 10 8 80
3 0S Perimeter 1 Am 27 12 44
4 0S Inside Area G *Am 6 3 50
5 oS Perimeter 238py 50 9 18
6 0S Inside Area G 28py 8 8 100
7 oS Perimeter 239.240p, 55 20 36
8 0S Inside Area G 239.240py 10 5 50
9 oS Perimeter 'y 33 2 6.1
10 0S Inside Area G 'y 8 6 75
11 Us Perimeter H 49 33 67
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Table 6 (cont.)

Total Number of % of

Case Sample number of samples samples
Number Type1 Sample Location Radionuclide Samples >RSRL >RSRL
12 Us Inside Area G °H 35 32 91
13 US Perimeter > Am 20 13 65
14 Us Inside Area G *Am 17 8 47
15 US Perimeter 2pu 38 18 47
16 Us Inside Area G 2%pu 24 9 38
17 US Perimeter 239240py, 45 30 67
18 Us Inside Area G 239:240py 35 22 63
19 UsS Perimeter “'u 33 2 6
20 UsS Inside Area G U 26 0 0
21 Soil Southwestern H 112 81 72

perimeter
22 Soil Southern perimeter *H 71 55 77
23 Soil Eastern perimeter ’H 69 52 75
24 Soil Northern perimeter *H 178 143 80
25 Soil Inside H 66 58 88
26 Soil Southwestern > Am 100 59 59
perimeter
27 Soil Southern perimeter *1Am 66 50 76
28 Soil Eastern perimeter *1Am 62 58 94
29 Soil Northern perimeter *1Am 174 145 83
30 Soil Inside *Am 55 39 71
31 Soil Southwestern 2py 118 54 46
perimeter
32 Soil Southern perimeter 2¥py 71 32 45
33 Soil Eastern perimeter S¥py 66 64 97
34 Soil Northern perimeter ¥py 178 157 88
35 Soil Inside 2%pu 59 38 64
36 Soil Southwestern 239.240py 120 57 48
perimeter
37 Soil Southern perimeter 239240py 72 42 58
38 Soil Eastern perimeter 239240py, 69 61 88
39 Soil Northern perimeter 239240py 180 157 87
40 Soil Inside 239:240py 66 45 68
41 Soil Southwestern “'Uu 88 47 53
perimeter
42 Soil Southern perimeter 'y 43 19 44
43 Soil Eastern perimeter U 38 18 47
44 Soil  Northern perimeter 'y 103 38 37
45 Soil Inside 'y 49 24 49

' 0S and US indicate Overstory and Understory vegetation sample, respectively.

40



portion of the data bases, as well as the
proportion of samples that were less than
or equal to RSRL values.
Two radionuclides, B7Cs and
%Sr, were not included in this analysis
due to infrequent analysis of these
radionuclides and to the fact that very
low concentrations were observed when
assays were performed. The final steps
in the analysis of the data for all of the
other radionuclides were to determine
statistically whether these radionuclide
concentrations were normally distributed
or not, and then to determine whether
they were increasing or decreasing with
time (see description in Methods
section). This final trend analysis is
presented in Table 7.
b. Radionuclide Concentrations in Soils
Comparing all of the data across
all radionuclide assays, radionuclide
concentrations in soils generally had
substantially larger numbers of assays
greater than RSRL concentrations than
vegetation samples (Table 7).
Concentrations of U in soils had the
smallest number of samples equal to or
greater than RSRL concentrations, with
only 38 out of 103 total samples
containing equal to or greater than RSRL

concentrations of U (Table 7).
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Concentrations of *H in soils
generally exhibited the largest number of
samples with equal to or greater than
RSRL concentrations than any other
radionuclide. The exception to this trend
was the ***Pu found in soils along the
eastern perimeter of Area G, where 64
out of 66 samples had equal to or greater
than RSRL concentrations.

Only 10 of the 25 soils-related
radionuclide cases considered for the
trend analysis (Table 6) exhibited
statistically significant relationships with
time (Table 7). The radionuclide
concentrations for these 10 cases are
presented as a function of time in
Figures 16 through 25. Soil samples
collected along the southwestern and
southern perimeters of Area G exhibited
concentrations of “H that increased with
time. Concentrations of °H along the
eastern and northern perimeters, as well
as the samples collected within Area G,
decreased with time (Table 7, Figures 16
through 20); this agrees with similar
trends found previously for samples
collected from 1974 through 1994 for an
area east of TA-54 (see Table 2 in
Fresquez et al., 1996b). The increases

along the southwestern and southern



Table 7. Nonparametric Kendall Tau b Correlation Coefficient Results for Trend Analysis for All Soils and Vegetation
Radionuclide Data Collected Since 1980 at Various Locations In and Around Area G (samples from locations 8 and 9
omitted)'. Bolded Values Represent Significant Trends in Radionuclide Concentrations with Time.

Radionuclide
Sample Type/Location °H *TAm 28py 239240py, °'U
Soil
Southwestern perimeter 0.46 (U) -0.18 (D) -0.057 -0.079 -0.28°(D)
Southern perimeter 0.33 (U) -0.14 0.076 -0.13 -0.39°(D)
Eastern perimeter -0.20 (D) 0.069 -0.011 -0.021 -0.37°(D)
Northern perimeter -0.21 (D) 0.011 0.014 0.076 -0.028
Inside -0.18 (D) -0.017 -0.15 -0.11 -0.56°(D)
Overstory vegetation
Outside Area G 0.079 0.29 (U) -0.33 (D) -0.26 (D) -0.34 (D)
Inside of Area G -0.13° -0.067 -0.36 -0.22 -0.86°(D)
Understory vegetation
Outside Area G 0.19 -0.15 -0.26 (D) -0.49 (D) -0.19
Inside of Area G -0.21 -0.27 -0.32 (D) -0.53 (D) -0.11°

'Results represent statistical analysis of the 45 groups of data (cases) described in Table 6.
2(U) =upward trend, (D) = downward trend; significant at the 95% confidence interval at a minimum — many correlations significant

at the 99% confidence interval.

3The radionuclide concentration data in these data sets were found to be normally distributed using a Shapiro-Wilk Test for Normality,

so these numbers represent parametric Pearson correlation coefficients.
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Figure 16. H concentrations in soil samples collected on the southwestern perimeter of Area G from 1980 to 2002 showing an
upward trend with time (see Table 7).
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Figure 17. *H concentrations in soil samples collected on the southern perimeter of Area G from 1980 to 2002 showing an
upward trend with time (see Table 7).
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Figure 18. *H concentrations in soil samples collected on the eastern perimeter of Area G from 1980 to 2002 showing a
downward trend with time (see Table 7).
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Figure 19. *H concentrations in soil samples collected on the northern perimeter of Area G from 1980 to 2002 showing a
downward trend with time (see Table 7).

46



1000

100

10

Soil *H concentration (pCi/mL)

0.1

1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Figure 20.H concentrations in soil samples collected inside of Area G from 1980 to 2002 showing a downward trend with time
(see Table 7).
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Figure 21. Concentrations of IAm in soil samples collected on the southwestern perimeter of Area G from 1980 to 2002
showing a downward trend with time (see Table 7).
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Figure 22. Concentrations of *°'U in soil samples collected on the southwestern perimeter of Area G from 1980 to 2002 showing
a downward trend with time (see Table 7).
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Figure 23. Concentrations of ‘U in soil samples collected on the southern perimeter of Area G from 1980 to 2002 showing a
downward trend with time (see Table 7).
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Figure 24. Concentrations of ‘U in soil samples collected on the eastern perimeter of Area G from 1980 to 2002 showing a
downward trend with time (see Table 7).

51



Soil *'U concentration (ppm)

0
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Figure 25. Concentrations of “'U in soil samples collected inside of Area G from 1980 to 2002 showing a downward trend with
time (see Table 7).
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perimeters are no doubt due to “H
coming from the °H shafts located
adjacent to the southwestern border of
Area G (Figure 2). Most of the soil *H
concentrations in all of these five cases
represent concentrations that are equal to
or greater than RSRL concentrations.

Soil *TAm

concentrations

decreased with time along the
southwestern perimeter of Area G (Table
7, Figure 21). The reason for this
correlation is unclear at this time, but
probably is not related to current waste
practices at Area G. No other significant
trends were observed in the other regions
on the perimeter and within Area G.

No significant trends with time
were detected with the soil plutonium
isotopes (Table 7). This does not agree
with the soil plutonium data trends found
previously for samples collected from
1974 through 1994 for an area east of
TA-54 (see Table 2 in Fresquez et al.,
1996b). The latter study found soil >**Pu

239,240
“Pu to be

and concentrations
significantly increasing and decreasing,
respectively. It is entirely possible that
one location like this could exhibit
different results compared with the

results of all of the sampling locations in
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the current study, as well as the fact that

the two studies involved different
sampling periods.
Concentrations of soil U
significantly decreased with time along
the southwestern, southern, and eastern
perimeters of Area G, as well as within
Area G (Table 7, Figures 22 through 25).
Soil “'U concentrations were also found
to decrease with time for an area east of
TA-54 1996Db).

Interestingly enough, these trends were

(Fresquez et al.,
observed in spite of the fact that only
45% of the samples assayed from these
four areas around and within Area G had
equal to or than RSRL
concentrations of U (Table 7). When

greater

we reran the statistical trend analysis
using a data set with only equal to or
greater than RSRL concentrations, we
found that soil ‘U concentrations
uniformly and significantly decreased
with time for the soil samples from the
southwestern and northern perimeters of

Area G, as well as within Area G.

c. Radionuclide Concentrations in Plants

When all of the radionuclide data
were compared across all vegetation
samples, radionuclide concentrations in
understory samples generally had fewer

numbers of assays equal to or greater



than RSRL concentrations than overstory
samples (Table 7). Just as with the soil
radionuclide data, concentrations of U
in overstory and understory vegetation
normally had the smallest number of
samples equal to or greater than RSRL
concentrations, both on the perimeter
and within Area G (Table 7). About 91%
of the wunderstory samples collected
inside of Area G had samples equal to or
greater than RSRL concentrations of *H;
this value was only 54% for perimeter
understory vegetation samples (Table 7).

Similar to the soils data trend, the
#%py  found
collected within Area G was consistently
than RSRL

concentrations, where eight out of eight

in overstory samples

equal to or greater
samples had equal to or greater than
RSRL concentrations. This case was the
exception however, since only 9 of 63
overstory samples collected along the
Area G perimeter contained equal to or
greater than RSRL concentrations (Table
7).

Also similar to the trend analysis
for the soil radionuclides, 9 of the 20
vegetation-related radionuclide cases
considered for the trend analysis (Table
7) exhibited

relationships with time (Table 7). The

statistically significant

radionuclide concentrations for these
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nine cases are presented as a function of
time in Figures 26 through 34.

Unlike the relationships found
with soil *H along the perimeters of Area
G and within Area G, no significant
trends were found for *H in overstory
and understory vegetation (Table 7).
This is an unexpected observation,
especially since rather large proportions
of the samples collected contained equal
to or greater than RSRL concentrations
of *H (Table 7) and the fact that *H is so
mobile and easily taken up from soils by
vegetation. The reason for this finding is
unclear at this time, but may have to do
with the way the data were analyzed: if
more plant sample radionuclide data had
existed for just the southwestern portion
of Area G (and grouped similar to how
the soil samples were grouped), perhaps
a positive trend would have been
observed for *H in vegetation also.

Overstory  samples  collected
along the perimeter of Area G exhibited
concentrations of **'Am that increased
with time (Table 7, Figure 26). This is
just the opposite trend as found with soil
*Am  concentrations  along  the
southwestern perimeter of Area G (Table
7). A similar result was not found with
overstory samples collected inside of

Area G, as well as with understory
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Figure 26. Concentrations of Am in overstory samples collected outside of Area G from 1994 to 2002 showing an upward
trend with time (see Table 7).

55



10

0.1

0.01

0.001

Vegetation Z8py concentration (pCilg ash)

0.0001
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Figure 27. Concentrations of 28py in overstory samples collected outside of Area G from 1985 to 2002 showing a downward
trend with time (see Table 7).
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Figure 28. Concentrations of 239:240py in overstory samples collected outside of Area G from 1980 to 2002 showing a downward
trend with time (see Table 7).
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Figure 29. Concentrations of ‘U in overstory samples collected outside of Area G from 1994 to 2002 showing a downward
trend with time (see Table 7).
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Figure 30. Concentrations of ‘U in overstory samples collected inside of Area G from 1994 to 2002 showing a downward
trend with time (see Table 7).
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Figure 31. Concentrations of >**Pu in understory samples collected outside of Area G from 1985 to 2002 showing a downward
trend with time (see Table 7).
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Figure 32. Concentrations of ***Pu in understory samples collected inside of Area G from 1994 to 2002 showing a downward
trend with time (see Table 7).
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Figure 33. Concentrations of **?*'Pu in understory samples collected outside of Area G from 1980 to 2002 showing a
downward trend with time (see Table 7).
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Figure 34. Concentrations of 239240py jn understory samples collected inside of Area G from 1980 to 2002 showing a downward
trend with time (see Table 7).
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samples collected either within Area G

or on the Area G perimeter (Table 7).
Unlike the data for the soils,

with  time

of the

significant trends were

detected with most cases

involving  plutonium  isotopes in
vegetation samples (Table 7). Thus,
28py and *****Pu concentrations were
found to decrease with time for overstory
vegetation samples collected outside of
Area G (Figures 27 and 28), and for
understory vegetation samples collected
either outside (Figures 31 and 33) or
inside (Figures 32 and 34) of Area G.
These trend relationships did not seem to
be very heavily influenced by the
proportion of samples containing equal
to or greater than RSRL concentrations
of plutonium isotopes (Table 7).
Concentrations of ‘U decreased
significantly with time (Table 7) only
with overstory vegetation samples
collected outside (Figure 29) and inside
(Figure 30) of Area G. Just as with the
case with plutonium in vegetation
samples, these two trend relationships
did not seem to be very heavily
influenced by the proportion of samples

containing equal to or greater than RSRL
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concentrations of plutonium isotopes

(Table 7).

5. CONCLUSIONS

Only 50% and 43% of the soil
and vegetation samples, respectively,
collected in 2002 contained
concentrations of all radionuclides that
were equal to or greater than both the
TPU (at 99% confidence level) and
RSRL values (bold values in Tables 2
and 3). However, the concentrations of
almost all radionuclides in the soils were
far less than LANL SALs, which were
developed to keep potential doses to
humans residing on the site to 15
mrem/yr or less (ER, 2001). Soil *H
found in one sample collected on the
Area G perimeter adjacent to the “H
shafts did exceed the SAL concentration
for soil *H. Thus, exposure to Area G
soils would result in doses greater than
the annual 15-mrem limit from any one
radionuclide or from all radionuclides
combined at this location, unlike all of
the other locations where the SAL was
not exceeded.

The radionuclide data for 17 soil
and 11 plant sampling campaigns
collected since 1980 were assembled,

compared with radionuclide RSRL and



SAL wvalues, and used to determine

statistically whether radionuclide

concentrations were increasing or

decreasing with time. Statistically
significant trends with time were found
in 19 out of 45 cases examined. Most
radionuclide concentrations in soils and
in unwashed overstory and understory
vegetation were found to decrease with
time. The exception to this general rule
involved soil *H concentrations collected
on the southern and southwestern
perimeters of Area G which exhibited an
upward trend with time.

Based on the results provided in
this report (Table 2), exposure to Area G
soils would result in doses much less
than the annual 15-mrem limit from any
one radionuclide or from all
radionuclides combined, except for at
the one sampling location where the
SAL was exceeded. This dose only
represents the portion of the total dose
that could be received by site workers,
for example, via exposure pathways for
incidental soil ingestion, dust inhalation,
plant ingestion, radon inhalation, and
external irradiation. Therefore, exposure
to radionuclides in Area G soils poses

little risk to either deer and elk
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(Ferenbaugh et al., 1999) or humans,

based on the current data.
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AT AREA G IN 2002
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APPENDIX B. PARAGON ANALYTICS, INC., ANALYTICAL REPORTS OF
RADIONUCLIDES IN SOIL AND UNWASHED VEGETATION SAMPLES AT
AREA G IN 2002
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Results
Page: 1 of 17
Reported on: Thursday, May 09, 2002
Client Nama: ESH2Z0_LAML 13:80:33
Cliznt Project Name: Area G Soits Laboratory Name: Paragon Analytics, Ing.
Cligrt Project Number: THOS WEGE 3000 0000 FAI Work Order: 0204090
Fiald i0:1 Sample Matrix: Soil Date Colbscied: 26-Mar-02 Final Aliquot; 8420
Date Prepared; 30-Agr07 Date Analyzed: D&-May-12 Report Basis: Ory Weight
Lath 1D:0204080- 1 Prap SOP: PAI TI0RE Analylical 508: PAl 71308 Count Tieme (mink: 20
Prap Bateh: GE01474 Spactrum Code: URIEMO0IE Library; USGS
Target Nuclide Result +- 2 s TPU MDC Reporting | Lab Qualifier
Units
Cy-137 042 +- 014 0,15 pCig
Comments:
[ETTAp— R

U - Pt in tear inan tha semple specilic MOC o iess fian e assocaied TRU,
WA - Chamicad Wield i 0 conieed o 100-110%. Cuarttstie Yiski s assurad

¥3 - Cheical Wiekd uisade S0l it

LT - Rl i hivira oy Poggumrmbec) WD, grasder ton mampie spaciic MDEC,

B4 - Bpacrdl quilily prowents scorste guantion

51 - Wupdth ishification andlor qeoebiabion i sntative

T - Mpoie demifealon is wilaiv

P hhyride has aspeeded 3 el

Data_ P_:fu:kaga ID:_IE}:SEO?WWU-‘I

TR - Tobsd Progegated Lincenesnip (226 Pi) 20P rag)

WDE - Winimum Dewsciashe Concanuaton (see PA) S0P 108

Faragon Analytics inc.
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Duplicate Results

Climmt Name: ESH20_LANL
Cliont Project Marma: Ares G Soils
Client Project Number: THIS WEEE 3000 (000

Page: 1of2

Reported on: Thursdiay, Miy 09, 2002
13:5k33

Laboratory Name: Paragon Analytics, Inc.
PAl Work Order: (204080

Sample Matrix: Soil
Date Prepared: 30-Agr 02
Prep SOP: PA T3IRE
Prap Batch: GESM474

Fild ID: 1

LLak 10 0204080-1-01

Date Collected: 26-Mar-02
Date Anatyzed: 06-May-02
Analytical 30P: PAI T13RE
Spectrum Code: [2045200258

Final Aliguod: 96.00
Aliquot Units: g

Report Basis: Dry Weignt
Count Tima (min.): 30

Target Nuclide Result +- 2 s TPU MDC Reporting | Lab Qualifier
Units
Cs-137 048 +H- 0T L] plifg
Comments:
L bl b

U - Resift i bess than (e ampls speciic MOK: of oo [han e assoctsled T,
F1 - Chamical Yiekd 's in conirol ot 1031 10%, Cuanmstes peld s sssumad

W« Chaeavecsl Tishd Dutsioe defoud Imis.

* .+ Chapheatn OUF Fot witin contal lmits

LT - Rt i bt P (Figaestond DG, graabar uin semiphe specific WOG

53 - Bpecirsl quality prevents srarake guarkiston,

51 - Hudkoe oeiication andior qearitabin is mrtasvm

T1 - Muchdn kenificalon is i

H - Muchdn has sacssdied § Batlan

Data Package |D: GSS0204080-1

TAU - Totsd Prosagaled Lincerainty (see FAI SOHF 140]
WO - Wi  Desiocsa e Goncantratian [pem PR S0P TO)

Paragan Analylics Inc.

¥
o
-
ek
)
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Results

Cllent Name: ESHZ0_LANL

Client Project Mame: Arma G Sols
Client Project Mumber: THIS WEBS 3000 DI00

Page: 2al 1T
Reported on: Thursday, May 08, 2002
1550,
Labaratory Mame: Paragon Analytics, Ine.
PAI Wark Order: 1204050

Sample Matrix: Soil
Date Prepared: 30-Apr02
Prap S0P: PAl T30RS5

Field 1022

Lak WD 02040580-2

Date Collectad: 26-har-0z2
Date Analyzed: DE-May-07
Analytical S0P PAI T13RE

Final Aliquot; 5060 g
Report Basis: Ory Weight
Count Tima {miin.): 30

Prep Batch: OS01474 Spectrum Code: DIM4EZDOTA Library: USGS
Target Nuclide Result +/- 2 5 TPU MDC Reporting | Lab Qualifier
Units
Ca-137 0.32 #- 032 [ pily
Comments:
GualfiersFlags: Jr———

U - sl i i than Py serghs specific MDD o i han e sssod sed TRU
W1 = Chemical Yoss 5 in conbrol ot 106-110%, Cusnststes Vsl i apimed

T2 - Chamic! Yield cursiae dataud ki

LT Fssadl b bats thin Raguesitd MOC, gremen than sieve apecdic WMOC

0 - Spechl gty preer s scouri quistion,

51 - Muridn sieriecabon aniior guanTsto b ek

T1 - hsihe ba=ilicasan b iemaiee.

i < bk i eacesded B haliees.

Data Package ID: GS50204080-1

TFU = o Propagaied Unosmalngy (see PA S0P 743)
RO« Winimum Ceteciable Conoenradon (see Pkl S0P 7o)

Paragon Analytics inc.

=
=)
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Gamma Spectroscopy Results
Method PAI SOP T13R6
Sample Results

Client Name: ESHZ0 LANL
Client Project Mame: Area G Sols
Cligrt Project Number: 7HIS WEES 3000 D000

Page: 3ol 17

Reported on: Thursday, May 09, 2002

135033

Labarsory Mame: Paragon Anahgtics, Inc.
Pal Work Order: 0204020

Sample Matrix: Sod

Date Collected: 25-Mar-(2

Frald 10: 36 Final Algual: 9080 g
Date Prapared; 30-Apr-(2 Date Analyzed: Of-kay-02 Report Basis: Dry Weight
Laby 10 J20090-3 Prep S0P PA) 8RS Analytical S0P PAI T1IRE Count T (min. ) 60
Prap Baich: GS01474 Spectrum Code; D203B50014 Library: USGS
Target Nuclide Result +/- 2 5 TPU MDC Reporting | Lab Qualifier
Units
Cs-137 03 +- 0N 01z plivg
Comments:
Clusl s Frage: [

U - Arsui o beas than iFe =amels specifc MO o fess thae e peenasied 117
W4 - Chereical Yinid i n contrl a8 100-110%, Quenifate Vil B idduned

W2 - Chemical Yisd oubsde detauH s

LT - P b b D Pyl ad MDC, grealer fubn sampk sprcic MOC
500 - Szectral quaily prenis Scorle quariisios,
51 - Nuckde idenilicains sndtr qaanilabon f bactatve

1 - Machidis santficabon i bkl
R - Mychdn bas ancedind 4 halfive

Data Package ID: ESSDLf'_ﬂﬂ_iE'EI_ﬂ_-I B

TRU - Tia! Propagated Unosmainty jsee PRSP T43)

BADIC - M Dataciatie Concentrarion (ses PAI S0P 708)

Paragon Analytics Inc.
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Results

Cliant Mama: ESHHI_LANL

Cliant Projact Mame: Area G Sois
Client Praject Number; 7HIS WEGD 3000 D000

Page: 4l 17
Reported on: Thursday, May D9, 2002
13:50.33

Laboratary Mames! Paragon Analytics, Inc
PAl Work Onder; 01204050

Sample Matrix: Soil

Diata Colbacted: 25-Mar-(02 Final Aliquat: /9, g

Fiald ID:4
Date Prapasad; 30-Apr3 Date Analyzad: Of-bay-02 Report Basls: Ory Weight
Lab ID: 02040804 Prep SOP; Pal 78RS Analytical S0P: PAI T3R5 Cosnd Thmve {min.): 60
Prop Batch: SS01474 Spectrum Code: (204530024 Library: USGE
Target Nuclide Result +/- 2 3 TPU MDC Reporting | Lab Qualifier
Units
Ca-157 078 +- 0.20 015 plilg
Commants:
ol i Flags! Misbrird i

U - Aesadi i bess than tha sampss specills MOC or less than e spocated TFU
¥1 - Camizal Yiedd b ieocsig o 9000 10%. Cranilbve Yisd o assumed

¥7 - Chamical Yield notucs delad freis.

LT - Rasat ir iorss Mus Rsqustted WG prasier (e san pls apacic MK

B0 - GracTa Uty CIE-ETE BEURR Rt

81 = huchic |ooniRoation andior quasFiption iy jenisinm

T - Bluchdn iarikcaton i Sslabva.

- Muchie has sasendod § Saflve

Data Package ID: GSS0204090-1

L - Tkl FIopaganed UTariainty {ses PAL SOF T43)
MO - Medvm Dedeoiaiio Corcevyakon (see Pl S0P 708}

Paragon Analytics inc.

GOL14
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Results
Page: Scf 17
Reported on: Thursday, May 09, 2002
Chient Mame: ESH20 LANL 13:50:33
Client Project Name: Aras G Soils Laboratory Name: Faragon Analytics, Inc,
Client Project Numbaer: THOE WEES 3000 0000 PA| Work Ordar: CHME000
Field ID-6b Sample Matrix: Scil Date Collected: 25-Mar-02 Firal Aliguot: 91.50 4
. Date Pregared; 30-Apr-02 Date Analyped; DE-Way-02 Report Basis: Dy Waight
Lab WD 0Z040H0-5 Prap SOP: PAI T3IRS Analytical S0P PAl T13RE Count Time (min-); 120
Frep Batch: GSN474 Spectrum Code: (203680068 Libwrary: USGS
Target Muclide Result +- 2 s TPU MDC Reporting | Lab Qualifier
Units
Ce137 LU E I e PR LU P pCig
Comments:
QualfisraiTlaga: iz ey BN
U - Rsuk g beps thar fup samp speciic MK S leoo han e sssodsled TPU P —— st Pl S0 7]

W1 - Charicl] Yied s in conirnd on 1061 1%, Quariaties Vield & sssumed
2 - Chari] Vil cutsids (aleUl i

LT - Rl s ses han Baquastsd MO, groater han sarmein specic MOG
&0 Specivd qually prevents acouraly guachlabm

- oDt Rencalon ondor quendiion i emaien

T1 + hctida idantfuaiion b lenllive

- Mulide B aeceided § hallives,

MGG - Minimum Cslscisble Concanirason (s Fa 08 704)

Data Package ID: GS30204090-1

Paragon Analytics Inc.

o=t
et
en
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Gamma Spectroscopy Results
Method PAI SOP 713R6
Sample Results

Client Mama: ESH20_LANL
Cliant Projact Mame: fArea G Soils
Client Project Nurnber: THDS WEGG 3000 0000

Page: Tof 17

Reparted on: Thursday, May 08, S0
13:50:53

Laboratory Name: Paragon Analytics, nc.
PAI Work Order: 0204090

Samphe Matrix; Saoll
Date Prepared: 30-Ape {2
Prep SOP: PAl T39R5

Fleid 1D; 7o

Lab ID: 0204090-7

Date Collected: 26-Mar-02
Dale Analyzes: O6-May-02
Analyticsl S0P: PA| T13R6

Final Aliquot: B5.40 g
Report Basis: Dry Weight
Count Time (min): 120

Prep Batch: GS01474 Spectrum Code: 13960014 Library: USGS
Target Nuclide Result +i- 2 s TPU MDC Reporting Lab Qualifier
Units
Ca137 D.0ZE +- 0.048 0.080 pCiig u
Comments:
DuailnFlgs: e e——

U - Fiscadl 6 bs Wi the sample spacic WOC o lass han Mo assooisned TRU
¥« Chasmical 'Wiedd 15 15 oomirgl ol W0-110%. Chacbiatan Yk i asersd

W2 - Chamical Viekd ouisds Sefoul lmis

LT - Fianch i bxn thar lequassed MOC, prester Pan simple speciBc MDT

50 - Gparai cualy PRI oossle uaniEson

5l - Kuciids s ifoanon aredier quanBLBns & a0,

Ti - Wk enifcation 5 anisb

R - Muchds has sarsadnd B balirag,

Data Package ID: GSSQE?-_JQQ?-?“ _

TP - Total Propagased Urcarlainy [siea PR S0P 143)

MOC - Mt Detectates CormaTiabon (e FAl S0F T

Faragon Analytics (ne.

[ J

===
v J

-
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Client Name: ESH20_LAML
Client Project Nams: Area G Sols

Gamma Spectroscopy Results
Method PAI SOP 713R6
Sample Results

Glient Project Numbar: THIS WEBG 3000 D000

Page: &af 17

Reported on: Thurseay, May 08, 2002

1350033

Laboratory Name; Paragon Anaiytics, Inc.
PAl Waork Order; 1204050

Lab ED:0204060-1

Field iD:7c Sample Matrix: Soll
Date Prepared: 10-Apr0?

Prep 30P: PAl TIBRS

Prep Batch: GS01474

Date Collected: 25-Mar-02
Date Analyzed: DB-bay- 02

Analytical S0P: PAI T1IRE

Final Aliquet: §7.70 g

Report Basls: Dry Weight
Count Thma {min.); 120

Spectrum Code: 0204540024 Library: USGS
Target Nuclide Result +/- 2 5 TPU MDC Reporting | Lab Qualifier
Units
Cs-137 L0z +- 0.050 064 pCig u
Comments:
] P T g Jrr———

U - el B e an 1Re e speciic MOC of oo hee e essod sl TP

W - Chermical Vield s in Gondrol & 1001 10%, Quenifalive Yield & pesumed

W2 - Charsical Yig'd puisicn dabal inis

LT - Rstit o5 besta, it Fepuiatnd MOC, groalar han someie spece MOC

50 « Bpeinil quibly penasnls BCCLFA IS QLAPHBIN.

. Mucden deribation and guenibon i bnakve
T - Muckde denificaion Is ismhiee

R - Mudis rom mecesded B hallives.

Data Package ID: GS50204090-1

TPL - Tokal Poopuagalind Unoarsarty (s Fal S0 732}

AT - RASRTI CMICIE0N Con Leraraion (Sed P BOF 708)

Paragon Analytics inc.
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Results

CHent Nama: ESH20_LANL
Client Project Name: Anea G Solls
Chient Project Number: THOS WESG 3000 OU00

Paga: 3ot 17

Reported on; Thursday, May 08, 2000
135033
Laboratory Name: Paragon Analytics, Inc,

PAl Work Order: (204050

Elokd i B Samphe Matrix: Soil Date Collected: 21-Mar-3Z Final Aliquat: B4.70 g
Date Preparad: 30-Apr-02 Date Analyzed: 0F-May-02 Report Basis: Dry Weight
Lab 10 0204000-0 Brop S0P; PA| F38RS Analyical S0P PAI 7100 Costand Thrme (minj: 120
Prep Batch: (501474 Spectrum Code: 0204550024 Librasy: USGS
Target Nuclide Regult +/- 2 = TPU MDC Reporting | Lab Qualifier
Units
G137 0345 #- 0093 (084 plitg
Comments:
CuslifisrniFlags: FR——

U« Rggull b bess i 1T s i aceclz MBC or Mas Mun e aoceid TR
W - CRmTical Yiai % i contml a1 PR0-110%, CuaTitasve Vi IS essim.
W7 - Crerrical Vi ubsce delp] lmis

LT - sl is foss Pan Aeguestod MOC. groaier han sampds spece MDC.

B0 « Bperird quilily Serenls SOOI JUASENIOS.

. Muchoe stanifosion @1d'or gusnbtabon is banlive

T - Muoide denbfcIion & i

- ushde b eestided 8 naflees

TP - Tatal Propugeariss Lincanaindy |ses PAIGOP T4
MO - Mirimen Detscisbie Congenizaton (sas PRl S0P 76]

Faragon Analytics lnc.
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Results

Cllent Name: ESH3_LaML
Clent Project Mame: Area G Spis
Client Project Mumbar; THOS WEEG 3000 (000

Page: 10of 17

Reported an: Thursday, May 09, 2002
135033

Labaratory Mame: Paragon Analytics, Inc.
PAI' Work Ordar; 0204050

Sample Matrie: Sol
Date Prepared: 30-Apr-072
Prep SOP: Pl T8RS
Prep Batch: G501474

Field I0: B

Lab ID: 030405010

Date Collected: 21-Mar02
Date Anadyzed: 06-May.02
Analytical 50P: PAl T13RE

Final Aliquod: 81.50 g
Ropart Basis: Dry Waight
Count Time (min.): 150

Spectrum Code: 0703680064 Library: USGS
Target Nuclide Result +- 2 s TPU MDC Reporting | Lab Qualifier
Units
Cs-137 0T = 0098 0,10 pCig
Commenis:
DualfiarsiFags: Abbaviniore

L - Rasol & le5s than 18 samgls specic MOC o ki than e associaned TRU
1« Chesfial Yield m in covieod of 100-110%, Susnitafes Yl & sstuned

W2 - Chuvecal Yiskd outnide de'aoll Wit

LT - Fsalt in s than Resuistes MUDC, grester thar Sarmphs ipsci WOG

502 - Speciral qUOily Siresnts scaesie ouaniEon

S - Nugian dendizilon a0 guarkinbon i asiatve.

Tl Wukida iastfcaton & isniaisg

R« Motk has sxcmacsd B hafiess.

Data Package |0: GSS0204080-1

TFU - Tolsl Propagaied Unoanainty (s PA S0P 743)
FADC - Mrarwm Dnteciabie Concenvabon (sse PAl SOF 709)

Paragon Analytics Inc,
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Results

Client Name: ESHX0_LANL
Client Project Name: Area G Soils
Client Project Number: THOS WESE 3000 0000

Page: 110f17
Reponied on: Thursday, May 09, 2002
13:50:33
Labaratory Name: Paragon Analytics, Inc,
Pl Woark Ordar: 0204050

[ — Samphs Matrix: Soil Date Collected; 26-Mar-02 Final Aliquot: 94.90 g
Date Prepared: 30-Apr-02 Date Analyzed: 07-May-02 Report Basis: Dy Weight
Lab ID:0204080-11 Prep SOP: Pal TI8RS Analytical SOP: PAI 71386 Cownt Time (min,); 120
Prep Batch: GS01474 Spactrum Code: 0203880014 Library: USGS
Target Nuclide Result +/- 2 5 TPU MDC Reporting | Lab Qualifier
Units
Ca-137 063+~ 0086 ou0a1 pCig
Comments:
CwakfenaFiags: At ioea:

U - Rt 5 i e e ampie specific MOC & s o he issos e TR
¥1 < Crmrical Wield is.in Coniod 0 100-110% Qs Yied i assumad

WI =« Cranbeal Viakd oobsce Sefst Bt

LT - Pl iy e o Fipquesiod MOC, graster Fran 56 b apasc W00

S0 - Epacisl quaslity prevants SO GuAntiaion

Bl - Muside denificaion i quanilaton i beriaive.

- Meride onicaion & Mntsine.

H - Mucice hag ecesced & Pl

Data Package 10: GSS0204000-1

TFU - Toual Proqugeind Urcananty sea PU SO0 743}
MO - M Ditectabis Concentrirben (3ee P S0P 798)

Paragon Analytics Inc
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Results

Client Name: ESH20_LAML

Client Project Name: Ares G Soils
Client Project Numbser: THOS WESE 3000 0000

Page: 12af 17

Reponted on: Thursday, May 09, 2002

135033

Labaratory Mame: Paragon Analytics, Inc.
PAl Wark Order; 0204080

Fleld [0 G-41-02 Sample Matrix: Soil Date Collected: 25-Mar-02 Final Allqueot: 84.00 g
Date Prepared; 30-Apr-02 Date Analyzed: 07-May-02 Report Basis: Dy Weight
Lad I1B; 020409012 Prep SOP: P&l 739R5 Analytical SOP: PAI T1IRE Count Time (min.): 120
Prep Batch: GS01474 Spectrum Code: 1204570024 Library: USGS
Target Nuclide Result +/- 2 s TPU MDC Reporting | Lab Qualifier
Units
8137 052 +- 012 D052 plilg
Comments:
CustisrFlags: Asbrguntions:

U - Rl i bees Fan T impie paciic MOC of IS Ban e ssencisied TPLL
W Chenmial Yaid e conirgd o 1001108 Cusriitetieg Viedd is @ssumed.
¥2 - Chervical Yild outide delaui s,

LT - Flesiull ks leee: iran Flquesiod MO graster f2an Sampss soadbe W00,

B0 - Bpactal gualty prevesis SC0wak quasiistion

81 - Husale denblicrion nion QU B lentriee,

T1 - ot KBrTicaiion & Wolstes.

P - M ted ancended 3 hpfive

Data Package |D: GSS020409¢-1

TPU - Totel Propaganed Urcararty {ses PA BOP Fa1y
WO - Mnimam Deteclatin Concentrebon (see Pkl BOP fo)

Faragon Analytics inc.
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Results

Client Name: ESH0 LAML
Client Projact Name: Area G Sl
Cliznt Projact Number: 7HOS WESE 3000 0000

Page: 13af 17
Reponed on Thursday, May 09, 2002
13805
Laboratory Name: Paragon Analytics, Ine.
PAI Work Order: 0204080

Field 1D G-23-01 Sample Matrix: Soil Date Coflacted: 25-Mar{2 Final Aliquat; T5.60 g
Date Prepared: 30-Aprd2 Date Analyzad: 07-May-02 Report Basis: Dry Weight
Lab ID: 0204000-13 Prep SOP: Pal TSRS Analytical 50P; Pal T13RE Count Time {min): 120
Prep Batch: GS01474 Spectrum Code; 0203710064 Library; USGES
Target Nuclide Result +/- 2 s TPU MDC Reporting | Lab Qualifier
Units
Cs-137 047 - 0.14 014 Py
Comments:
SualfaniFlgs: Asbrmantions:

U - Resii b5 eSS Man W sampie spacfio MOC of lss: Fan the associzied TR
1 - Charmical Y is i conmnod el 100-110%. Cuasiilabive ¥iek  aisures
2 - Chareical Yl carbeici deliul brvis.

LT - Femut s beps. han FAeguesiid MG grasier fan 500k s MO,

50 - Bgmcis] quakty PRVETH Sotufite quankision.

51 - Nuckds ideriTicyion SNas Sudnsion & lemaves.

T1 - Huchie idereiizabin @ metatve

R - Kuciide hos st @ habives

Data Package ID: GSS0204090-1

T - Totl Propagaiid Lncarsarly jses PA S0P 743}
WD - Mnimum Deitlatie Concenraion (sea Pl BOP 106

Faragon Analytics ine.
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Results

Chiant Name: ESH20_LANL
Clienl Project Name: Asaa G Sails
Cllent Project Mumber: THOS WEGG 3000 0000

Page: 14af 17

Reported on: Thusday, May 08, 20032

1350033

Laboratory Name: Paragon Ansdytics, Inc.
PAI Wark Order: 0204090

Field 1D; G-48-02 Sample Matrix: Soi Date Collected: 25-Mar-02 Final Afiguot: B4.10 g
Date Prepared: 30-Apr-03 Date Analyred: 07-May-02 Report Basis: Dry Waeight
Lab M0z 02040150- 14 Prep SOP; FAl T3ORS Analytical SOP; PAl 713RS Count Time jmin.}: 120
Prap Batch: GS01474 Spactrum Code: 0204670074 Library: USGS
Target Nuclide Result +- 2 s TPU MDC Reporting | Lab Qualifier
Units
Cs-137 0.56 </ 0.15 013 pClig
Comments:
DT lagi: b .

u Hmnnh-hmmwthdtuwwmnhanH:
1 - Charmical Yisdd it i control ol Y00-110%. Crusiebiatve ¥iekd i3 @asurred

¥ - Chamical Yisid outsice delaul ks

LT - Fasutt s bess T Fecuaated MO, groaas Huan sy speis MO

B4 - Bpecra Sualty [EvErEs mocersia qui Fabon

Bl Muchsa ldeniication sraios quantieion s lertatie.

TI - Kuchike: idnifabon i lntabive

R - Huchs hes mocsensd B haflees:

Data Package ID: G5S0204000-1

TRU - Tutal Propagein Lscisssicty i FAl SOP o)
WIEE - Minmum Detectabls Concantration (ses PA SOF s

Paragon Analytics inc.
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Gamma Spectroscopy Results
Method PAI SOP 713R6

Sample Results

Chient Mame: ESH20_LAML
Client Project Name: Asma G Soils
Client Project Number: THOS WESG 3000 0000

Page: 15af 17

Reported on: Thursday, May 09, 2002

1350:33

Laboratory Mame: Paragon Analytics, Inc.
PAI Work Order; 0204030

Flghd |D; 35811 Sample Matrix: Sol Date Collected: 25-Mar-02 Final Adiquot: 62,80 g
Duate Prepared: 30-Apr-02 Date Analyzed: O7-May-02 Report Basls: Dry Weight
Lab I0: 0204090-15 Prop SOP: PAl 73RS Analytical S0P PAI T13R6 Count Time (min}: 150
Prap Batch: G501474 Specirum Code: 0204660074 Library: USGS
Target Nuclide Result +- 2 & TPU MDC Reporting | Lab Qualifier
Units
Ca-137 055 +- 0.14 011 pCilg
Comments:
Chdtliara¥ lage: Jr——

W Al in e o the sample specific WDC of et han e seeocisied TPL
W1 - Chiarrical Viald is by ool &l 100-110%. Cuisd i Vieki it assirmss

2 - Chamical Yisid guisica defau i,

LT - Flenait is basa Trin Plaguesied MOC, groae han mampie sl MOC

S0 - Spasciral gulhly prEvarts Booures guan blibun

51 - Muchoe igenifoarien Endior Quantipion & ledetes

T1 - husie dentficabon Is malaive

T - Wl nid ivceeded I haflves,

Data Package ID: GSS0204000-1

TRU - Towl Progmgatnd Uromiainty {sss P& S0P Fa3)

MIDC - Minwsum Dalacistie Gonceninean [pee PRI BOP Tom)

Faragon Analytics inc.
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Gamma Spectroscopy Results
Method PAI SOP 713R6
Sample Results

Client Nama: ESHZ0_LAML
Chent Project Mame: Area G Seds
Client Project Number; THOS WEEBGE 3000 0000

Pape: 16 of 17

Reponed on: Thursday, May 09, 2002
13:50:33

Laboratory Name: Faragon Analytics, Inc.
Pl Wiork Order: 0204050

Flald ID: 3-29-03 Sampla Matrix: Soil Date Collected; 26-Mer-02 Final Aliquot; #3.90 g
Date Prepared; 30-Ape-02 Date Analyzed: (17-May-02 Report Basis: Dry Weight
Lab ID:0204080-16 Prap SOP: PAl TI0RS Analytical B0P: PAI T IRE Cotand Tima {min.): 150
Prep Batch: GS01474 Spectrum Code: (203720064 Litrary: USGS
Target Nuclide Result +/- 25 TPU MoC Reporting | Lab Qualifiar
Units
Ce-137 042 +- 011 VR pLig
e
Commants:
[ TP C—— o

U« Rsodt i bann than ihe samphs dpectic MOC of W55 than e messcaisg TRL.
¥1 - Clenveal Winkd i in comiesd ot 100-190%, Dttt Yinld b samved

VI Crarvecnl Yield culside defal fmeta
LT-MEMIMMWM.HHHL’I’HMWHM

B - Spairal quaiity pro-snls Stcucabs suardiptien

1 - Nuside identficalion andior quamitaion i3 levlilse

Th- Muckgy beyiBoaion @ lanteree,

- Muchde has $acosted & sulimn

Data Package ID: G530204080-7

TP - Tokal Fropagates Uncerlainy (ses P S0P T43)
MO - Mimimum Detectabie Concenvaben (e PAI S0P 700

Paragon Analylics ing.
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Gamma Spectroscopy Results
Meathod PAI SOP 713R6
Sample Results

Page: 17 of 17
Reported on: Thursday, May (49, 2007
Client Name: ESHI0_LANL 13:50:35
Client Project Nama: Area G Soils Laboratory Name: Paragon Analytics, Inc.
Chient Project Mumber: THOIS WEGG 3000 0000 PAI Work Ordar: (204060
Flald 1D: G-31-01 Sample Matrlx: Soi Date Collected: 26-Mar-02 Final Aliquot: 91.60 g
Date Prepared: 20-Apr-07 Date Analyped: 07-May-02 Report Basis: Dry Waight
Lab BD: 02040590-17 Prep SOP: PAl THRS Analytical SOP; PA| T13R5 Count Time {min.): 150
Prap Batch: G301474 Specirum Code: 0204580038 Library: USGE
Target Nuclide Rasult +/- 2 5 TPU MDC Reporting | Lab Qualifier
Units
Cs-137 0,106 +- 0.054 0.07% ]

Comments:

SustiiandFlagh: bt ationa:

U - B iy lees T e Saerple spmctic MDC of 1855 1900 i associsisd TPU, R — S
W1 - Charmical Yasid o i confrol sl 900-110%. Cuaeilidhea Fiekd is assamad.

2 - Charmicsl Yisd outsion delaul bty

LT - Regiit is less than Fleguested MOT. graaler Man sanpe specls MOC.

50 - Spacisl Gusbly prevants scournele quatilalion.

B - Wughde sebeetfeuton andior uandipnian & lemate

BACK - Winimiam Daactabla Concenimaion (5 PA S0P T8

Ti - Muckas denticaion s wnalia.
R« hlusits i wecended 8 hatlives

Data Package ID: GSS0204000-7

Paragan Analytics inc.
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APPENDIX C. HISTORICAL RADIONUCLIDE DATA FOR SOILS AND

VEGETATION COLLECTED AT REGIONAL BACKGROUND SAMPLING
LOCATIONS
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In an attempt to isolate historical
institutional influences on radionuclides
in the environment, soil and vegetation
samples are collected at background
areas located away from LANL, where
radionuclide concentrations result from
naturally occurring elements and/or from
worldwide fallout. These radionuclide
concentrations are expressed as annual
RSRL values (mean concentration of a
radionuclide over a 5-year time frame
two  standard

plus deviations),

limit  (95%

of

representing the upper

confidence interval) naturally

occurring  elements and/or  from
worldwide fallout. The final objective is
to compare all of the samples collected
around and in Area G that are above
these RSRL values to estimate
institutional effects alone.

The RSRL values for several
radionuclides in soils are presented in
Figure C-1. Except for *H, radionuclide
RSRL concentrations tend to be quite
similar with time, but do vary in value
by four orders of magnitude from
For

RSRL

radionuclide to radionuclide.

23 239,240Pu

example, the
concentrations shown in Figure C-1 had

a minimum and maximum value of

125

0.019 and 0.033 pCi/g, respectively, and
a coefficient of variation of only 20%.

In comparison, soil *H RSRL
concentrations started decreasing with
time in 1992 (Figure C-1). Thus, the 23
'H RSRL concentrations exhibited
maximum and minimum values of 9.3
and 0.61, respectively, exhibiting a
coefficient of variation of 78%.

A recent study of regional
background radioactivity in river and
reservoir sediments (McLin and Lyons,
2002) pointed out that prior to 1987,
H  measurements

1998) because of

unreliable were

reported (Rogers,

possible airborne releases at the
Laboratory that resulted in cross-
contamination of samples during

analyses. Thus, inclusion of questionable
data tends to increase the respective
means and standard deviations of
individual radionuclides. However, for
our purposes of comparing soil *H
concentrations for samples collected at
Area G to RSRL wvalues, this was
accomplished using the pre-1992 values
shown in Figure C-1.

The radionuclide concentrations
in overstory and understory vegetation

samples collected from 1994 to 2002
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Figure C-1. Estimates of RSRL for soil radionuclides from regional background stations from 1980 through 2002.
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(Table C-1) were used to estimate RSRL
values for the vegetation from the
Regional Background sampling stations
Figures C-2 and C-3). This represents
the first comprehensive evaluation of
vegetation RSRLs at Los Alamos. Since
each RSRL estimate is derived from a
mean radionuclide concentration for the
current year plus the four previous years,
the first RSRL estimates were for 1998,
since the first data for vegetation was

collected in 1994.
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Table C-1. Description of vegetation sampling studies since 1994 at regional background stations.

Number of
samples
collected
Sample Sample designation References
Year locations os' Us'
Santa Fe Overstory and Understory
1994 1 1 Regional Background Fresquez et al., 1995
samples
Santa Fe Overstory and Understory
1995 1 1 Regional Background Fresquez et al. , 1996a
samples
1996 Bandelier 1 1 Sample 9 (BG) Fresquez et al., 1997b
1997 Bandelier 1 1 Sample 9 (BG) Fresquez, 1998
1997 Espanola, 1 0 Fresquez, 1998
Santa Fe,
Jemez
1998 Bandelier 1 1 Sample 9 (BG) Fresquez et al., 1999b
1998 Espanola, 1 0  Espanola/Santa Fe/Jemez Fresquez et al., 1999a
Santa Fe, Regional Background
Jemez
1998 Embudo, 3 3 Regional Background Gonzales et al., 2000b
Cochiti,
Jemez
1999 Bandelier 1 1 Sample 9 (BG) Nyhan et al. (2000)
1999 Espanola, 1 0  Espanola/Santa Fe/Jemez Fresquez et al., 2000
Santa Fe, Regional Background
Jemez
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Table C-1.  Description of vegetation sampling studies since 1994 at regional background stations (Cont.).
Number of
samples
collected
Sample Sample designation References

Year locations  OS' Us'

2001 Bandelier 1 1 Sample 9 (BG) Nyhan et al., 2002
2002 Bandelier 1 0 Sample 9 (BG) Nyhan et al., 2003 (this report)
2002 Embudo, 3 3 Regional Background Fresquez et al., 2003

Cochiti,
Jemez

'0S and US signify overstory (tree) and understory (grass and shrubs).
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RSRLs for Radionuclides in Overstory Vegetation Samples (1998-2002)

100

10

0.1

0.01

Radionuclide RSRL concentration in overstory vegetation

0.001
1998 1999 2000 2001 2002

Figure C-2. Estimates of RSRL for radionuclides in overstory vegetation from regional background stations.
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Radionuclide RSRL concentration in understory vegetation

100

10

0.1

0.01

0.001
1998

RSRLs for Radionuclides in Understory Vegetation Samples (1998-2002)

1999 2000 2001 2002

Figure C-3. Estimates of RSRL for radionuclides in understory vegetation from regional background stations.
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APPENDIX D. RADIONUCLIDE CONCENTRATIONS IN AREA G SOILS
SINCE 1980
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Table D-1. *H concentrations in Area G soils (pCi/mL).
Stations Outside Area G: Southwestern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

5 0.13  -0.45 0.25 0.13 0.08 031 1.0
g 041 -0.13 1.15 0.13 03 054 1.7

G-13-01 03 1.0

G-14-01 15 06

G-15-01 13 08

G-15-02 1.6 0.2

G-16-01 30 21

G-17-01 1.8

H-1 1.0 5.1

16,1 0.5

G-17-02 31 24

G-17-03 08 21

15,2 0.4

G-18-01 13 14

G-18-03 0.0

G-19-01 14 12

14,2 0.6

G-19-02 2.5

G-20-01 35 55

13,1 1.1
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Table D-1. *H concentrations in Area G soils (pC/mL) (Cont.).
Stations Outside Area G: Southwestern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

G-20-02 5.1 4.4
H-2 2.0 2.1

G-21-01 2.6

G-21-02 1.9

G-22-01 3.7 3.6
H-3 3.9 3.2

G-23-01 2.2

G-23-02 8.6
H-4 1.2 2.2

G-24-01 2.5

G-24-02 0.1 2.5

G-25-01 2.6
12,3 0.6

G-26-01 3.3
11,4 1.6
H-5 24 2.6

G-27-01 13.3

G-28-01 0.1 20.0
H-6 7.8 2.0

G-28-02 0.1 30.8

(G-28-03 0.1
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Table D-1. *H concentrations in Area G soils (pCi/mL) (Cont.).
Stations Outside Area G: Southwestern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

10,3 1.3

G-15 13.0
G-29-01 1.0 2533 433 70.2 8.8 19.1 13.8

2 171.18 49.79 147.5 81.9 206 616 273.0
10,4 2.2
G-29-02 22 10976 60.0 3164 193 150 249
G-29-03 11.7  1715.6  90.5 716.0 67.4 162.7 226.5 3422 1450 22000.0
H-7 31.0 3.5

9,5 1300

G-12 12.9

1 43.18 369 115 65.1 255 411 370.0
G-30-01 2.0 205.3  83.6 474 296 9.7 69.9

Stations Outside Area G: Southern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-31-01 11.4  404.1  33.7 47.4 111.0 33.7 32.1 276 910 470.0
G-31-02 1.0 202.0 719 118.7 82.6 150 163

H-8 94 43
G-31-03 0.5 1157  69.1 275 199 6.5 10.2

7,5 11
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Table D-1. *H concentrations in Area G soils (pCi/mL) (Cont.).
Stations Outside Area G: Southern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-32-01 2.0 53.8 32.1 141 314 55 113
G-32-02 0.8 47.2 243 8.6 13.8 2.9 4388
G-32-03 0.5 31.1 16.1 8.0 4.9
G-33-01 0.3 14.1
G-11 5.6
H-9 6.3 2.9
G-34-01 6.3
G-34-02 0.1 4.7
G-34-03 0.1 3.9
G-34-04 0.1 4.2 4.5 1.6 0.6
H-10 1.5 970
G-35-02 5.7 8.7
G-35-01 3.0 55
H-11 0.6 7.0
G-36-02 2.8 3.1
Stations Outside Area G: Eastern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-36-01 1.4 2.7
G-10 4.9
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Table D-1. *H concentrations in Area G soils (pCi/mL) (Cont.).
Stations Outside Area G: Eastern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

H-12 0.9 6.8
G-38-01 2.6 3.9
G-38-02 127.6  79.6 15.1 199 227 89 238
G-39-02 3.6 8.1 2.9 1.6 23 81 0.76

6b 0.53 0.57 28 2.0
G-39-01 0.8 11.4 1.8 2.7 1.5 41 041

H-13 0.7 3.8

G-9 31.2
G-40-01 3.1 4.5 1.6 1.9 0.8 4.6 098
G-40-02 2.6 3.0 1.7 1.5 09 11.5 0.68
G-41-02 23 3.2 0.5 1.9 0.6 53 0.67 044 102 48
H-14 0.6 3.8

G-13 33.1
G-42-01 5.4 5.1 1.6 2.5 1.3 4.1 1.57

Stations Outside Area G: Northern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

1,1 15

4 1.07 74 191 0.68 6 3.3
G-42-06 1.7 4.6 24 1.71
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Table D-1. *H concentrations in Area G soils (pCi/mL) (Cont.).
Stations Outside Area G: Northern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

G-43-01 11.7 8.2 7.2 1.3 2.1 091 0.65 209 64
G-43-02 6.3 9.2
G-44-07 13.9 1.9 0.62
G-45-04 14.0 185 25 1.69
G-45-05 3.6 18.5 3.1 0.65
G-44-01 110.8 158.6 42 397
G-45-06 105.0 343 25 13 4.27
G-45-01 1172 436.6 263 79
G-45-07 35.7 38.3 28 24 638
H-15 4.6 4.9 2.9
G-14 78.2 25.7
G-46-01 18.8 49.4 1.9 230 62 20 1.2
G-46-02 21.1 27.8 2.5 9.9 1.0 44 1.24
G-44-02 5.0 1.4
G-47-01 7.1 4.8 1.3 7.2 21 1.5 042
7c 224 192 75 69
G-1 59
G-48-01 5.5 5.4
G-48-02 5.9 5.1 1.3 12 015 21 19 8.3
G-48-03 16.1 5.0

(G-48-04 5.1
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Table D-1. *H concentrations in Area G soils (pCi/mL) (Cont.).
Stations Outside Area G: Northern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

G-49-01 1.1 1.9 1.2 1.3 1.2 08 0.78
G-49-02 1.1
G-49-04 1.6 09 13 053
G-50-01 20.7 31.2 2.6 52 0.5 1.8 0.55
G-50-02 7.6 30.1 1.7 3.6 I.1 12 0.83
G-50-03 0.17
H-16 1.3 740
G-51-01 39.1 54
G-52-03 3.0 5.6 1.9 170 05 1.4
G-52-01 2.1 4.2 1.4 1.8 0.3
G-52-02 23 6.0 1.2 0.8 0.8
G-53-02 3.8
G-53-01 1.0 23 0.3
G-54-01 1.9 6.8 0.4
G-54-02 1.2 3.9 0.6
G-55-01 1.0 3.5 0.3 0.6
3b 0.08 1.02 2.82 6.7
G-57-01 0.5 1.9 0.2
G-58-03
G-58-01 4.3 24 2.2 0.6 0.1 3.8 047 1.02 6.3

(G-59-01 1.3 0.2
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Table D-1. *H concentrations in Area G soils (pCi/mL) (Cont.).
Stations Outside Area G: Northern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-60-01 0.9 0.2
Stations Inside Area G: in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-4 83.7
Ta 1.8 3.06 395 147 18 152.0
G-34-15 3.8 1.2 0.71
G-34-14 4.1
G-34-13 17.7 34 1.4 2.0
G-34-12 4.1
G-34-09 6.4 3.1 1.3 1.1 0.14
G-7 5.8
G-34-06 2.9
G-34-05 8.2 5.0 1.5 0.5 0.27
G-34-08 4.2
G-34-11 4.0
G-34-07 5.1 23 1.5 1.1 0.17
G-34-10 3.8 1.7 1.7 14 21 0.15
G-2 80.4
G-6 30.9
6 18.1 11.37
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Table D-1. *H concentrations in Area G soils (pCi/mL) (Cont.).
Stations Inside Area G: in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
5 7.89 12.81 399 133 506
G-5 194.5
G-8 13.2
7b 1.78 64 341 652 6 6.1
G-3 3.5

3 1.21 052 242 154 237 283 7.2

143



Table D-2. **' Am concentrations in Area G soils (pCi/g).
Stations Outside Area G: Southwestern side, in order of occurrence along fence
1986 1989 1993 1994 1995 1996

Sampling Station

1980

1985

1997

1998 1999 2000 2001 2002

9
8
G-13-01
G-14-01
G-15-01
G-15-02
G-16-01
G-17-01
H-1
G-17-02
G-17-03
G-18-01
G-18-03
G-19-01
G-19-02
G-20-01
G-20-02
H-2
G-21-01
G-21-02

0.86

0.51

0.0010 0.007
0.0090 0.013
-0.0120 0.014
-0.0240 0.018
0.0220 0.011
0.019 0.008

0.0002 0.021
0.0140 0.013
0.0370 0.010
0.0279
0.0834 0.134
0.008
-0.0240 0.017
-0.0180 0.006

-0.0030 0.013
0.0040

0.007
0.007

0.006  0.0110.0070.0057 0.0056
0.008 0.0110.0240.0056 0.0064
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Table D-2. **' Am concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Southwestern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-22-01 0.0050 0.003
H-3 0.89
G-23-01 0.0160 0.003
G-23-02 -0.0091 0.015
H-4 0.62
G-24-01 0.0949 0.007
G-24-02 0.5520 0.010
G-25-01 0.1160 0.021
G-26-01 0.1510 0.018
H-5 0.87
G-27-01 0.0757 0.017
G-28-01 0.1070 0.010
H-6 0.54
G-28-02 0.2300 0.015
G-28-03 0.0915
G-29-01 0.1320 0.009-0.15 0.08 0 0.23 0.402
2 0.008  0.007 0.0060.017 0.013 0.0053
G-29-02 0.1230 0.018 0 0.14 -0.07 0.24 0.522

(G-29-03 0.1910 0.006 0.01 0.19 -0.01 0.09 0 0.006 0.019 0.0081
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Table D-2. **' Am concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Southern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
H-7 1.02
1 0.007  0.009 0.0110.0120.0053 0.0088

G-30-01 0.2180 0.007 0.07 0.61 0.04 0.39 0.155
G-31-01 0.1090 0.032-0.02 0.20 0.07 0.04 0 0.022 0.028 0.0071
G-31-02 0.0940 0.006 0 0.00 0.04 0.92 091
G-31-03 0.64 0.1240 0.006 0.05 1.07 -0.05 0.03 0.32
G-32-01 0.0604 0.076 0.11 0.02 0.03 045 0.73
G-32-02 0.1960 0.010 0.05 0.13 -0.03 0.09 0.461
G-32-03 0.0957 0.025 0.03 0.16 -0.05
G-33-01 0.0567 0.020
G-34-01 0.22 0.0643 0.008
G-34-02 0.2070 0.016
G-34-03 0.0185 0.008
G-34-04 -0.0241 0.016 0 1.10 -0.07
G-35-02 0.65 0.305 0.053
G-35-01 0.335 0.084
G-36-02 0.29 0.6400 0.015

Stations Outside Area G: Eastern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

G-36-01 1.0800 0.053
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Table D-2. **' Am concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Southern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
H-12 0.71
G-38-01 0.215 0.014
G-38-02 0.265 0.181 0.14 0.32 -0.01 0.94 0.753
G-39-02 0.22 0.021 0.08 0.11 0.01 0.14 0.173
6b 0.0620.256 0.174 0.0300
G-39-01 0.28 0.042 0.03 13.10 0.21 0.49 0.335
H-13 nd
G-40-01 0.105 0.068 0.09 0.55 0.16 0.42 0479
G-40-02 0.085 0.059 0.22 0.15 0 0.17 0.31
G-41-02 0.13 0.051 0.14 0.76  0.15 0.45 0.3110.177 0.105 0.1400
H-14 0.85
G-42-01 0.125 0.082 0.08 0.27 0.12 -0.30 0.322
Stations Outside Area G: Northern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
1,1
4 0.113 0.5 0.146 2.03 0.079 0.2100
G-42-06 0.08 0.14 1.10 0.136
0.07
G-43-01 0.22 0.249 0.40 0.36 1.51 0331 9 0.065 0.3700
G-43-02 0.15 0.119

G-44-07 0.21 0.15 0.02 0.163
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Table D-2. **' Am concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Northern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-45-04 0.74 0.37 -0.02 0.40 0
G-45-05 0.69 0.50 0.18 0.93 0.271
G-44-01 0.255 0.242 1.10 0.338
G-45-06 0.12 0.09 0.05 -0.09 0.15
G-45-01 0.215 0.270 0.08 0.387
G-45-07 0.63 0.02 0.04 0.27 0417
H-15 0.63
G-14
G-46-01 0.3300 0.336 0.34 1.09 0.43 021 0.773
G-46-02 0.125 0.249 092 0.88 0.21 028 2.78
G-44-02 0.97
G-47-01 0.5400 0.242 0.89 0.09 0.25 0.46 0.169
0.12
Tc 0.141 5 0.179 0.0500
G-1
G-48-01 0.1620 0.05
G-48-02 0.5200 0.103 0.12 1.67 0 0.176 0.39 0.1600
G-48-03 0.4690 0.126
G-48-04 0.103
G-49-01 0.6770 0.055 0.61 0.19 0.01 0.63 0.416

(G-49-02 0.42
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Table D-2. **' Am concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Northern side, in order of occurrence along fence

Samplin
Stafiong 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-49-04 0.03 0.16 -0.14 1.11
G-50-01 1.0200 1.546 0.30 0.09 0.43 1.23 1.34
G-50-02 0.4000 0.102 0.67 0.54 0.09 0.55 0.397
H-16 0.74
G-51-01 0.2570 0.015 0.90
G-52-03 0.0100 0.02 0.51 0.09 0.22 1.70 0.252
G-52-01 0.0080 0.008 0.14 0.06
G-52-02 0.007 032 0.01 0.43
G-53-02 0.1830 0.49
G-53-01 204 0.014 0.01
G-54-01 0.1510 0.007 -0.01
G-54-02 -0.1030 0.012 0.04
G-55-01 0.1670 0.014 -0.03 -0.03
3b 0.003 0.006 0.0076 0.0100
G-57-01 0.1830 0.012 0.02
G-58-01 0.1120 0.008 0.01 0.09 -0.03 0.59 0.526 O 0.012 0.0091
G-59-01 0.01 0.02
G-60-01 0.009 -0.06
7a 0.007  0.005 0.023 0.0033 0.0033
G-34-15 0.011 1.10 0.75

G-34-14 0.006
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Table D-2. **' Am concentrations in Area G soils (pCi/g) (Cont.).

Stations Inside Area G: in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Ta 0.007 0.0050.023 0.0033 0.0033
G-34-15 0.011 1.10  0.75
G-34-14 0.006
G-34-13 0.012 0.01 0.90 -0.05
G-34-12 0.006
G-34-09 0.012 0.07 1.08 2.01 0.649
G-34-06 0.015
G-34-05 0.017 0.23 0.13 1.11  0.85
G-34-08 0.033
G-34-11 0.090
G-34-07 0.007 0.19 0.16  0.04 0.806
G-34-10 0.412 0.12 1.08 0.26 1.07 1.1
6 0.007
5 0.013  0.007 0.0080.068
G-5 0.022
7b 0.011 0.016 0.0090.002 0.019 0.0075

3 0.015  0.017 0.023 0.028 0.0200
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Table D-3. 2**Pu concentrations in Area G soils (pCi/g).

Stations Outside Area G: Southwestern side, in order of occurrence along fence

Sampling Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
9 0.000 0.001 0.001 0 0.001 -0.001 -0.0009
8 0.001 0.008 0.000 0.009 0.038 0.003 0.0023
G-13-01 0.0030 0.000
G-14-01 0.0060 0.007
G-15-01 0.0014 0.016
G-15-02 0.0070 0.015
G-16-01 0.0120 0.004
G-17-01 0.004 0.004
H-1 0.0007 0.003
16,1 0.0068
G-17-02 0.0110 0.009
G-17-03 0.0080 0.004
15,2 0.0018
G-18-01 0.0050 0.004
G-18-03 0.0110
G-19-01 0.0020 0.011
14,2 0.0028
G-19-02 0.003
G-20-01 0.0150 0.009
13,1 0.0081
G-20-02 0.0090 0.003
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Table D-3. 2**Pu concentrations in Area G soils (pCi/g) (Cont.).

Stations Outside Area G: Southwestern side, in order of occurrence along fence

Sampling Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
H-2 0.0054 0.002
G-21-01 0.0080 0.014
G-21-02 0.0120
G-22-01 0.0050 0.005
H-3 0.0076 0.010
G-23-01 0.0070 0.002
G-23-02 0.0320 0.007
H-4 0.0063 0.005
G-24-01 0.0380 0.005
G-24-02 0.0070 0.006
G-25-01 0.0070 0.007
12,3 0.0112
G-26-01 0.0090 0.006
11,4 0.0046
H-5 0.0051 0.006
G-27-01 0.0050 0.004
G-28-01 0.0030 0.004
H-6 0.0220 0.003
G-28-02 0.0110 0.009
G-28-03 0.0630
10,3 0.135
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Table D-3. 2**Pu concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Southwestern side, in order of occurrence along fence

Sampling Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-29-01 0.0590 0.023 0.059 0.022 0.022 0.0170.031
2 0.004 0.004 0.0030.006 0.008 0.011 0.0046
10,4 0.0209
G-29-02 0.0070 0.026 0.053  0.022 0.016 0.0040.016
G-29-03 0.0130 0.005 0.012  0.002 0.003 0.0100.022 0.003 0.024 0.0041
H-7 0.0057 0.000
9,5 0.0105
1 0.011 0.005 0.0070.0150.004 0 0.0023
G-30-01 0.0410 0.009 0.007 0.011 0.036 0.0150.004
Stations Outside Area G: Southern side, in order of occurrence along fence
Sampling Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-31-01 0.0230 0.024 0.035 0.014 0.015 0.0330.0320.006 0.009 0.0069
G-31-02 0.0040 0.009 0.013 0.012 0.006 0.0110.007
H-8 0.0034 0.002
G-31-03 0.0040 0.007 0.003  0.006 0.005 0.0020.004
7,5 0.0388
G-32-01 0.0070 0.022 0.006  0.007 0.014 0.0050.003
G-32-02 0.0070 0.007 0.011  0.007 0.011 0.0070.007
G-32-03 0.0120 0.010 0.034  0.007 0.005

(G-33-01 0.0090 0.016
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Table D-3. 2**Pu concentrations in Area G soils (pCi/g) (Cont.).

Stations Outside Area G: Southern side, in order of occurrence along fence

Sampling
Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
H-9 0.0033  0.007
G-34-01 0.0070  0.006
G-34-02 0.0020 0.005
G-34-03 0.0010 0.004
G-34-04 0.0230 0.020 0.029 0.025 0.019
H-10  0.0139 0.014
G-35-02 0.0040 0.016
G-35-01 0.0130 0.010
H-11  0.0064 0.002
G-36-02 0.0020 0.005
Stations Outside Area G: Eastern side, in order of occurrence along fence
Sampling
Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-36-01 0.0300 0.009
G-10
H-12  0.1920 0.014
G-38-01 0.0410 0.005
G-38-02 0.0650 0.211  0.078 0.051 0.055  0.081 0.07
G-39-02 0.0520 0.042  0.085 0.031 0.045  0.061 0.085
6b 0.014 0.033 0.032 0.010
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Table D-3. 2**Pu concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Eastern side, in order of occurrence along fence

Sampling
Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
H-13  1.0690 0.090
G-40-01 3.2980 2.489  1.309 2.65 0.79  0.621 0.294
G-40-02 2.0450 3.434 1.731 0.511 24 2.064 0.079
G-41-02 1.4850 1.163  2.182 1.810 0.78  2.226 0.869 5.22 2.13 1.92
H-14  0.3830 1.200
G-13
G-42-01 2.1100 0.385 1.420 0.654 1.18  0.261 1.797
Stations Outside Area G: Northern side, in order of occurrence along fence
Sampling
Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
1,1 0.171
4 0.013 0.246  0.272 0.364 0.39 0.189 0.53
G-42-06 0.120 0.113 0.097 0.055
G-43-01 0.5160 0.574  0.277 1.28  0.507 0.571 0.19  0.187 0.27
G-43-02 0.2860  0.508
G-44-07 0.208 0.124  0.118 0.05
G-45-04 0.964 0.571 0.54  0.238 0.322
G-45-05 0.303 0.243 023 0413 0.744
G-44-01 1.1340 15.778 0.101 0.445
G-45-06 0.231 0.059 1.74 1.736 0.225




Table D-3. 2**Pu concentrations in Area G soils (pCi/g) (Cont.).

Stations Outside Area G: Northern side, in order of occurrence along fence

Sampling
Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-45-01 4.9870 1.260 2.519 0.439
G-45-07 10.700 0.246 0.57 0492 3.279
H-15 1.8950 0.612
G-46-01 2.1520 16.683 7.760 2.866 4.89 1.303 0.005
G-46-02 23140 1.863 1.971 2.462 1.86  1.942 0.262
G-44-02 0.626
G-47-01 0.1260 0.078 0.111 0.134 0.129 0.234 0.001
Tc 0.091 0.149  0.126 0.0300
G-48-01 0.0990 0.131
G-48-02 0.1490  0.081 0.050 0.077 0.017 0.134 0.214 0.1800
G-48-03 0.1850  0.085
G-48-04 0.081
G-49-01 0.1060 0.028  0.044 0.005 0.032  0.038 0.035
G-49-02 0.022
G-49-04 0.018 0.018 0.011 0.012
G-50-01 0.0830 0.142  0.062 0.027 0.057 0.016 0.015
G-50-02 0.0900 0.033  0.038 0.068 0.043  0.028 0.053
H-16  0.0276 0.620
G-51-01 0.0350 0.017 0.014
G-52-03 0.0400 0.031 0.028 0.042 0.034 0.016 0.054
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Table D-3. 2**Pu concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Northern side, in order of occurrence along fence

Sampling
Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-52-01 0.0070  0.006 0.021 0.022
G-52-02 0.009  0.005 0.028 0.027
G-53-02 0.0160 0.019
G-53-01 0.0120 0.015 0.010
G-54-01 0.0150 0.016 0.016
G-54-02 0.0110 0.008  0.009
G-55-01 0.0090 0.007  0.004 0.002
3b 0.002  0.004 0.011 0.0069
G-57-01 0.0090 0.008 0.011
G-58-01 0.0380 0.052  0.025 0.032 0.016 0.049 0.084  0.004 0.008 0.0039
G-59-01 0.005  0.004
G-60-01 0.003  0.004
Stations Inside Area G: in order of occurrence along fence
Sampling
Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Ta 0.007 0.003 0.005 0.044 0.029 0.0100
G-34-15 0.157 0.222 0.215
G-34-14 0.098
G-34-13 0.259 0.212 0.112 0.141
G-34-12 0.006
G-34-09 0.008 0.017 0.004 0.018 0.005
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Table D-3. 2**Pu concentrations in Area G soils (pCi/g) (Cont.).

Stations Outside Area G: Northern side, in order of occurrence along fence

Sampling
Station 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-34-06 0.017
G-34-05 0.050 0.008  0.022 0.012 0.02
G-34-08 0.008
G-34-11 0.052
G-34-07 0.009 0.006  0.001  0.002 0.005
G-34-10 0.106 0.028  0.079  0.037 0.040 0.039
6 0.007  0.135
5 0.007  0.007 0.001 0.002 0.012
G-5 0.006
7b 0.004 0.004 0.035 0.015 0.006 0.0081
3 0.021 ~ 0.019 0.034 0.012 0.008 0.0100
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Table D-4. 2*****Pu concentrations in Area G soils (pCi/g).

Stations Outside Area G: Southwestern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
9 0.015 0.018 0.0I1 0.02 0.01 0.02 0.0100
8 0.013  0.357 0.008 0.02 0.1490.0170.0200
G-13-01 0.0080  0.020
G-14-01 0.0090  0.008
G-15-01 0.0200  0.043
G-15-02 0.0470  0.060
G-16-01 0.0520  0.019
G-17-01 0.0130  0.006
H-1 0.008 0.030
16,1 0.0244
G-17-02 0.0770  0.079
G-17-03 0.0210  0.029
15,2 0.0031
G-18-01 0.0150  0.024
G-18-03 0.0150
G-19-01 0.0150  0.037
14,2 0.0032
G-19-02 0.010
G-20-01 0.0440  0.038
13,1 0.0101
G-20-02 0.0140  0.009
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Table D-4. 2*****Pu concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Southwestern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
H-2 0.016 0.050
G-21-01 0.0060  0.013
G-21-02 0.0090
G-22-01 0.0010  0.002
H-3 0.029 0.083
G-23-01 0.0070  0.007
G-23-02 0.0270  0.042
H-4 0.046 0.024
G-24-01 0.0300 0.012
G-24-02 0.0450  0.027
G-25-01 0.0580  0.057
12,3 0.0195
G-26-01 0.0800  0.065
11,4 0.0146
H-5 0.187 0.020
G-27-01 0.0330  0.033
G-28-01 0.0060  0.023
H-6 0.035 0.020
G-28-02 0.0270  0.029
G-28-03 0.0540
10,3 0.0566
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Table D-4. 2*****Pu concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Southwestern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-15 1.165
G-29-01 0.0250 0.011 0.022 0.019 0.014 0.013 0.031
) 0.042 0.024 0.016 0.027 0.05 0.0220.0200
10,4 0.0174
G-29-02 0.0250  0.045 0.028 0.029 0.029 0.016 0.055
G-29-03 0.0120 0.015 0.014 0.013 0.008 0.029 0.0330.0130.0250.0200
H-7 0.073 0.010
9,5 0.0221
G-12 0.230
1 0.025 0.025 0.021 0.04 0.0270.008 0.0200
G-30-01 0.0430 0.025 0.005 0.009 0.019 0.022 0.01
Stations Outside Area G: Southern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-31-01 0.0650 0.117 0.079 0.048 0.032 0.025 0.1060.0820.0270.0200
G-31-02 0.0100 0.010 0.020 0.015 0.005 0.012 0.007
H-8 0.010 0.024
G-31-03 0.0090 0.010 0.004 0.009 0.007 0.004 0.036
7,5 0.0164
G-32-01 0.0280 0.392 0.009 0.054 0.054 0.011 0.007
G-32-02 0.0240 0.027 0.067 0.054 0.063 0.042 0.091
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Table D-4. 2*****Pu concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Southern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997

1998 1999 2000 2001 2002

G-32-03 0.0270  0.058 0.021 0.027 0.021
G-33-01 0.1070  0.122

G-11 0.270

H-9 0.055 0.027

G-34-01 0.0180  0.012

G-34-02 0.2010  0.046

G-34-03 0.0180  0.040

G-34-04 0.0360 0.050 0.034 0.053 0.031
H-10 0.165 0.200

G-35-02 0.0420  0.643

G-35-01 0.1000  0.125

H-11 0.079 0.010

G-36-02 0.0140  0.034

Stations Outside Area G: Eastern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997

1998 1999 2000 2001 2002

G-36-01 0.2160  0.122
G-10 0.185
H-12 4.080 0.018

(G-38-01 1.9440  0.031
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Table D-4. 2*****Pu concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Eastern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-38-02 0.6910 0.982 1.132 0.452 0.63 2.109 1.048
G-39-02 0.1310 0.068 0.114 0.052 0.085 0.145 0.179
6b 0.3340.947 0.79 0.1200
G-39-01 0.3500 0.203 0.231 0.168 0.12 0.095 0.557
H-13 1.191 2.440
G-9 0.050
G-40-01 0.3200 0.281 0.169 0.763 0.45 0.152 0.489
G-40-02 0.1890  0.295 0.267 0.074 0.156 0.179 0.164
G-41-02 0.0620 0.156 0.206 0.180 1.71 0.260 0.313 1 0.4790.5500
H-14 0.680 3.100
G-13 1.000
G-42-01 0.7270 1.031 0.736 0.661 0.62 0.136 0.206
Stations Outside Area G: Northern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
1,1 0.237
4 0.066 0.46 0.954 0.775 17.6 0.2620.4100
G-42-06 6.290 0.130 0.150 0.295
G-43-01 0.4400 1.814 0.558 0.38 0.599 4.26 0.2950.3140.6100
G-43-02 0.1640  0.711
G-44-07 0.178 0.214 0.207 0.148
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Table D-4. 2*****Pu concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Northern side, in order of occurrence along fence

Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-45-04 1.301 0.320 0.28 0.566 0.278
G-45-05 0.378 0.428 0.55 1.615 0.894
G-44-01 0.4330  0.588 0.077 0.372
G-45-06 0.151 0.042 0.28 0.275 0.153
G-45-01 0.3680  0.639 0.304 0.495
G-45-07 1.200 0.119 0.22 0.347 0.524
H-15 0.737 0.180
G-14 0.895
G-46-01 0.6090 1.173 1.060 0.314 1.58 0.272 1.597
G-46-02 0.0730  1.093 0.825 0450 0.93 0.690 0.284
G-44-02 0.942
G-47-01 3.4000 1.782 2477 0443 042 0.721 0.174
Tc 1.015 1.12 1.9 0.3400
G-1 1.555
G-48-01 0.2370  0.297
G-48-02 0.9230  0.579 0.520 0.583 0.222 1 2.850.7700
G-48-03 1.6130  1.157
G-48-04 0.579
G-49-01 2.0000 0.216 0.342 0.043 0.314 0.357 0.38
G-49-02 0.092
G-49-04 0.079 0.100 0.065 0.053

164



Table D-4. 2*****Pu concentrations in Area G soils (pCi/g) (Cont.).
Stations Outside Area G: Northern side, in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

G-50-01 03150 1.063 0.211 0.067 0.161 0.069 0.073
G-50-02 0.1780  0.075 0.048 0.072 0.099 0.050 0.106
H-16 0.050 0.911
G-51-01 0.0340 0.031 0.025
G-52-03 0.0510 0.05 0.035 0.042 0.092 0.034 1.964
G-52-01 0.0120 0.011 0.036 0.039
G-52-02 0.031 0.012 0.053 0.068
G-53-02 0.0240 0.023
G-53-01 0.0300 0.043  0.020
G-54-01 0.0310 0.019 0.025
G-54-02 0.0300 0.033 0.035
G-55-01 0.0140 0.044 0.015 0.013
3b 0.0160.0260.014 0.0200
G-57-01 0.0690 0.037 0.093
G-58-01 0.0190 0.025 0.033 0.016 0.019 0.007 0.0430.0080.0320.0300
G-59-01 0.029  0.002
G-60-01 0.022  0.009

Stations Inside Area G: in order of occurrence along fence
Sampling Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

G-4 0.100
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Table D-4. 2*****Pu concentrations in Area G soils (pCi/g) (Cont.).

Stations Inside Area G: in order of occurrence along fence

Sampling Station 1980 1985 1994 1995 1996 1997 1998 1999 2000 2001 2002
7a 0.013 0.007 0.0120.073 0.004 0.0090
G-34-15 0.028 0.029 0.072
G-34-14 0.022
G-34-13 0.028 0.023 0.015 0.056
G-34-12 0.007
G-34-09 0.065 0.071 0.011 0.046 0.035
G-7 0.220
G-34-06 0.088
G-34-05 0.049 0.007 0.061 0.052 0.079
G-34-08 0.048
G-34-11 0.542
G-34-07 0.023  0.003 0.017 0.016 0.293
G-34-10 2.773  0.199 1.620 1.205 1.338 1.68
G-2 0.220
G-6 0.470
6 0.099 0.294
5 0.022 0.026 0.007 0.0130.424
G-5 0.255 0.046
G-8 0.040
7b 0.017 0.025 0.0270.055 0.1 0.0600
G-3 6.375
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Table D-4. 2*****Pu concentrations in Area G soils (pCi/g) (Cont.).
Stations Inside Area G: in order of occurrence along fence
Sampling
Station 1980 1985 1986 1989 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
3 0.045 0.052  0.039 0.046 0.04 0.0400
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Table D-5. U concentrations in Area G soils (ppm).

Stations Outside Area G: Southwestern side, in order of occurrence along fence

Sampling

Station 1980 1985 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
9 3.6 2.85 1.92 327 206 3.5 29
8 3.609 2.85 545 3.16 345 296 3.0
G-13-01 2.20 3.8

G-14-01 2.30 2.6

G-15-01 3.00 5.0

G-15-02 5.30 4.1

G-16-01 3.20 3.4

G-17-01 2.20 4.3

H-1 4.6

G-17-02 3.80 5.1

G-17-03 3.30 4.4

15,2

G-18-01 3.10 5.2

G-18-03 2.50

G-19-01 2.60 5.0

G-19-02 3.5

G-20-01 2.40 4.5

G-20-02 2.30 4.2

H-2 3.9

G-21-01 1.60 4.0

G-21-02 2.80
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Table D-5. 'U concentrations in Area G soils (ppm) (Cont.).
Stations Outside Area G: Southwestern side, in order of occurrence along fence
Sampling
Station 1980 1985 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

G-22-01 3.10 3.6

H-3 2.9

G-23-01 230 4.1
G-23-02 220 40

H-4 4.0

G-24-01 210 38
G-24-02 200 43
G-25-01 450 49

12,3

G-26-01 430 48

H-5 4.7

G-27-01 350 42
G-28-01 250 3.5

H-6 3.3

G-28-02 210 4.1
G-28-03 2.50

G-15 43

G-29-01 190 28 2.98
) 3.948 2.9 375 235 265 314 29
G-29-02 240 44 2.55

(G-29-03 2.90 4.4 2.57 022 332 29
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Table D-5. 'U concentrations in Area G soils (ppm) (Cont.).

Stations Outside Area G: Southwestern side, in order of occurrence along fence

Sampling
Station 1980 1985 1993  199%4 1995 1996 1997 1998 1999 2000 2001 2002
H-7 4.5

G-12 4.1

1 4.059 2.65 3.69 237 253 305 32
G-30-01 3.20 3.3 1.6

Stations Outside Area G: Southern side, in order of occurrence along fence
Sampling

Station 1980 1985 1993  199%4 1995 1996 1997 1998 1999 2000 2001 2002

G-31-01 3.60 4.3 3.31
G-31-02 2.40 3.0 2.06
H-8 33
G-31-03 2.00 3.0 1.99
G-32-01 2.20 54 1.66
G-32-02 2.80 4.1 3.24
G-32-03 2.80 4.5 2.67
G-33-01 3.40 4.4
G-11 6.1
H-9 4.1
G-34-01 2.00 4.0
G-34-02 2.80 4.4
G-34-03 3.10 4.8

G-34-04 2.70 4.4 3.02

3.01 3.14 2.6
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Table D-5. 'U concentrations in Area G soils (ppm) (Cont.).
Stations Outside Area G: Southern side, in order of occurrence along fence

Sampling
Station 1980 1985 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
H-10 4.8
G-35-02 2.20 4.1
G-35-01 2.10 4.2
H-11 3.9
G-36-02 1.90 4.1
Stations Outside Area G: Eastern side, in order of occurrence along fence
Sampling
Station 1980 1985 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-36-01 2.20 5.1
G-10 4.2
H-12 43
G-38-01 1.90 4.0
G-38-02 1.70 4.5 2.75
G-39-02 1.10 3.1 2.18
6b 334 264 278 2.2
G-39-01 1.90 3.7 1.62
H-13 6.6
G-9 4.3
G-40-01 2.30 5.1 2.1
G-40-02 2.00 4.6 2.66
G-41-02 2.80 4.4 2.44 3.96 3.84 3.7
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Table D-5. 'U concentrations in Area G soils (ppm) (Cont.).
Stations Outside Area G: Eastern side, in order of occurrence along fence

Sampling

Station 1980 1985 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
H-14 4.6

G-13 4.5

G-42-01 2.20 4.5 3

Stations Outside Area G: Northern side, in order of occurrence along fence

Sampling

Station 1980 1985 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
4 3.279 2.86 3.12 318 274 3.57 3.5

G-42-06 2.86

G-43-01 2.50 4.2 2.95 286 2.9 3.1

G-43-02 2.10 3.9

G-45-04 2.47

G-45-05 2.25

G-44-01 2.70 43

G-45-06 242

G-45-01 2.40 4.4

G-45-07 3.09

H-15 4.5

G-14 5.1

G-46-01 2.40 52 3.07

G-46-02 2.50 4.5 2.57

G-44-02 2.88
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Table D-5. 'U concentrations in Area G soils (ppm) (Cont.).
Stations Outside Area G: Northern side, in order of occurrence along fence
Sampling
Station 1980 1985 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

G-47-01 2.40 3.7 2.39

Tc 258 25 3.8 2.5
G-1 4.6
G-48-01 2.11 4.3
G-48-02 2.05 4.8 2.61 3.18 3.0
G-48-03 1.87 4.3
G-48-04 4.8
G-49-01 2.58 2.7 2.11
G-49-02 2.61
G-50-01 2.24 3.8 2.93
G-50-02 2.45 3.9 2.52
H-16 4.1
G-51-01 2.98 4.5 291
G-52-03 2.38 3.9 2.49
G-52-01 1.71 43
G-52-02 3.2 1.97
G-53-02 2.80 2.78
G-53-01 291 4.5 2.39
G-54-01 1.60 4.2 2.70
G-54-02 1.77 4.1 2.95

G-55-01 2.47 3.7 2.49
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Table D-5. 'U concentrations in Area G soils (ppm) (Cont.).
Stations Outside Area G: Northern side, in order of occurrence along fence

Sampling

Station 1980 1985 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
3b 3.53 2.67 3.05 2.5

G-57-01 4.23 4.4 4.19

G-58-01 2.65 4.2 2.36 .32 3.11 3.0

G-59-01 54 3.51

G-60-01 4.4 2.92

Stations Inside Area G: in order of occurrence along fence

Sampling

Station 1980 1985 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
G-4 4.1
7a 3.735 447 28 3.11 294 3.2

G-34-15 3.7

G-34-14 3.2

G-34-13 4.1 2.19

G-34-12 4.0

G-34-09 4.7 3.1
G-7 4.4

G-34-06 4.7

G-34-05 33 2.63

G-34-08 4.8

G-34-11 4.9

G-34-07 3.8 2.21
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Table D-5. 'U concentrations in Area G soils (ppm) (Cont.).

Stations Inside Area G: in order of occurrence along fence

Sampling
Station 1980 1985 1993 1996 1997 1998 1999 2000 2001 2002
G-34-10
G-2 4.5
G-6 4.2
6 3.383 2.85
5 3.077 2.97 219 247 174
G-5 4.7 1.72
G-8 3.8
7b 2.9 435 237 3.06 2.76 3.2
G-3 4.7
3 3.131 3.37 385 352 3.02 2.7
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APPENDIX E. RADIONUCLIDE CONCENTRATIONS IN OVERSTORY
VEGETATION COLLECTED AT AREA G SINCE 1980
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Table E-1. *H concentrations in overstory vegetation at Area G (pCi/mL).

Samples collected outside of Area G

Sample Sample

Location Designation 1980 1985 1994 1995 1996 1997 1998 1999 2001
9 0S-9 1.2 0 -0.25  0.04 1.84 -0.11  0.32
8 0OS-8 0.21 0.19 1.64 0.05 0.71
H-1 OS-H-1 0.40
H-2 OS-H-2 0.30
H-3 OS-H-3 0.40
H-4 OS-H-4 1.60
H-5 OS-H-5 3.30
H-6 OS-H-6 17
2 0S-2 5,800 418 7,569 207 8,740 678 256
H-7 OS-H-7 48
G-12 0S-G-12 35.7
1 0S-1 119.1 386 1,342 72 1,460 1657 481
H-8 OS-H-8 0.12
H-9 OS-H-9 1.30
H-10 OS-H-10 10
H-11 OS-H-11 6.10
H-12 OS-H-12 6.60
6b OS-6b 0.61 0.77
H-13 OS-H-13 5.20
G-9 0S-G-9 13.8
G-9 0S-G-9 7.4
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Table E-1. *H concentrations in overstory vegetation at Area G (pCi/mL) (Cont.).
Samples collected outside of Area G

Sample Sample
Location Designation 1980 1985 1994 1995 1996 1997 1998 1999 2001
G-41-02 0S-G-41-02
H-14 OS-H-14 3.90
G-13 0S-G-13 14.4
4 0S-4 2.5 4.3 0.87 1.13 9.60 5.14 2.27
H-15 OS-H-15 0.15
Tc 0S-7¢ 3.78  3.64
H-16 OS-H-16 26
H-16 OS-H-16 2.80
3b 0S-3b -0.04 L75
Stations Inside Area G: in order of occurrence along fence
Sample Sample
Location Designation 1980 1994 1995 1996 1997 1998 1999 2001 2002
G-7 0S-G-7 2.6
G-7 0S-G-7 10.2
3 OS-3 9.2 2.8 0.71 0.86 6.70 2.15 3.71 8.80
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Table E-2. **' Am concentrations in overstory vegetation at Area G (pCi/g ash).

Stations Outside Area G: in order of occurrence along fence

Sample Sample
Location Designation 1994 1997 1998 1999 2001 2002
9 0S-9 0.002 0.011 -0.002 0 0.044
8 0OS-8 0.015 0.011 -0.002 0 0.011
2 0S-2 0.003 0.031 0.035 0.015 0.283 122.00
1 0S-1 0.004 0.019 0.036 0.008 0.028 0.05
6b OS-6b 0.275 0.006 0.412
G-41-02 0S-G-41-02 5.29
4 0S-4 0.008 0.110 0.017 0.115 0.019
Tc 0OS-7c 0.019 0.003 0.047
3b OS-3b 0 0.007 0.011
Stations Inside Area G: in order of occurrence along fence
Sample Sample
Location Designation 1994 1997 1998 1999 2001 2002
3 OS-3 0.006 0.581 0.042 0.034 0.03 0.04
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Table E-3. **Pu concentrations in overstory vegetation at Area G (pCi/g ash).

Stations Outside Area G: in order of occurrence along fence

Sample Sample
Location Designation 1985 1994 1995 1996 1997 1998 1999 2001
9 0S-9 0 -0.001 0.025 0.001 -0.001 0.0002 0.0105
8 OS-8 0.001 0.000  -0.003 0.0005 0.0043
H-1 OS-H-1 0.003
H-2 OS-H-2 0.020
H-3 OS-H-3 0.068
H-4 OS-H-4 0.006
H-5 OS-H-5 0.013
H-6 OS-H-6 0.016
2 0S-2 0.003 0.003 0.002 0.004  -0.002 -0.0007 0.0179
H-7 OS-H-7 0.004
1 OS-1 0.003 -0.001 0.001 0.002 0.007 -0.0001 0.0015
H-8 OS-H-8 0.009
H-9 OS-H-9 0.004
H-10 OS-H-10 0.011
H-11 OS-H-11 0.006
H-12 OS-H-12 0.042
6b 0OS-6b 0.0127 0.0008
H-13 OS-H-13 0.970
H-14 OS-H-14 1.490
4 0S-4 0.044 0.025 0.001 0.018 0.015 0.0004 -0.0002
H-15 OS-H-15 0.072
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Table E-3. 2**Pu concentrations in overstory vegetation at Area G (pCi/g ash) (Cont.).
Stations Outside Area G: in order of occurrence along fence

Sample Sample
Location Designation 1985 1994 1995 1996 1997 1998 1999 2001
Tc OS-7c 0.0003 0.0031
H-16 OS-H-16 0.210
H-16 OS-H-16 0.220
3b 0S-3b -0.0016  0.0038
Stations Inside Area G: in order of occurrence along fence
Sample Sample
Location Designation 1994 1995 1996 1997 1998 1999 2001 2002
3 OS-3 0.028 0.009 0.011 0.130 0.014  0.0012 0.0061 0.0064
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Table E-4. 2****°Py concentrations in overstory vegetation at Area G (pCi/g ash).

Stations Outside Area G: in order of occurrence along fence

Sample Sample

Location Designation 1980 1985 1994 1995 1996 1997 1998 1999 2001 2002
9 0OS-9 0 0.002 0.051 0.007 0.002 0.0086  0.061
8 OS-8 0.002 0.013 0.003 0.0033  0.001 0.0021
H-1 OS-H-1 0.021
H-2 OS-H-2 0.020
H-3 OS-H-3 0.028
H-4 OS-H-4 0.010
H-5 OS-H-5 0.010
H-6 OS-H-6 0.006
2 0S-2 0.006 0.004 0.004 0.033 0.016 0.0019 0.071 -0.0017
H-7 OS-H-7 0.013
G-12 0S-G-12 0.45
1 OS-1 0.007 0.003 0.005 0.023 0.064 0.0006 0.0073  0.11
H-8 OS-H-8 0.018
H-9 OS-H-9 0.015
H-10 OS-H-10 0.123
H-11 OS-H-11 0.013
H-12 OS-H-12 0.176
6b OS-6b 0.1925 0.0054 0.74
H-13 OS-H-13 0.140
G-9 0S-G-9 0.81
G-9 0S-G-9 0.62
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Table E-4. 2°?*’Pu concentrations in overstory vegetation at Area G (pCi/g ash) (Cont.).
Stations Outside Area G: in order of occurrence along fence

Sample Sample
Location Designation 1980 1985 1994 1995 1996 1997 1998 1999 2001 2002
G-41-02 0S-G-41-02 5.87
H-14 OS-H-14 0.100
G-13 0S-G-13 0.57
G-13 0S-G-13 3.28
4 0S-4 0.012  0.055 0.003 0.167 0.087 0.0229 0.0029
H-15 0S-H-15 0.570
Tc 0S-7¢ 0.0126 0.0034 0.118
H-16 0S-H-16 1.500
H-16 0S-H-16 4.830
3b 0S-3b 0.0013 0.0047 0.035
Stations Inside Area G: in order of occurrence along fence
Sample Sample
Location Designation 1980 1994 1995 1996 1997 1998 1999 2001 2002
G-7 0S-G-7 0.62
G-7 0S-G-7 0.26
3 0S-3 0.024  0.023 0.078 2.788 0.104  0.0137 0.026 0.029
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Table E-5. ‘U concentrations in overstory vegetation at Area G (ppm ash).
Stations Outside Area G: in order of occurrence along fence

Sample Sample
Location Designation 1994 1995 1996 1997 1998 1999 2001 2002
9 0S-9 0.33 0.38 1.21 0.478 0.6 0.52 0.49
8 0OS-8 0.794 0.791 0.88 0.71 0.3 0.72
2 0S-2 1.31 0.82 0.645 1.082 0.84 0.88 0.44 4.65
1 0OS-1 1.19 0.47 2.079 1.010 1.31 0.73 0.33 0.63
6b 0OS-6b 0.82 0.37 0.39
G-41-02 0S-G-41-02 0.77
4 0S-4 0.94 1.21 0.779 1.058 1.03 1.22 0.36
Tc 0S-7¢ 1.55 0.31 0.48
3b 0OS-3b 0.56 0.55 0.78
Stations Inside Area G: in order of occurrence along fence
Sample Sample
Location Designation 1994 1995 1996 1997 1998 1999 2001 2002
3 OS-3 3.29 2.46 2.939 3.130 2.24 2.39 0.79 0.8
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APPENDIX F. RADIONUCLIDE CONCENTRATIONS IN UNDERSTORY
VEGETATION COLLECTED AT AREA G SINCE 1980.
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Table F-1. *H concentrations in understory vegetation at Area G (pCi/mL).

Stations Outside Area G: in order of occurrence along fence

Location Designation 1980 1985 1986 1994 19951996 1997 1998 1999 2001

Sample  Sample
9 US-9
8 US-8
H-1 US-H-1
H-2 US-H-2
H-3 US-H-3
H-4 US-H-4
H-5 US-H-5
H-6 US-H-6
G-15 US-G-15
2 US-2
H-7 US-H-7
G-12 US-G-12
1 US-1
H-8 US-H-8
G-11 US-G-11
H-9 US-H-9
H-10 US-H-10
G-10 US-G-10
G-10 US-G-10
H-12 US-H-12
6b US-6b
H-13 US-H-13
G-13 US-G-13
4 US4
H-15 US-H-15
G-14 US-G-14
G-14 US-G-14
Tc US-7¢
G-1 US-G-1
H-16 US-H-16
3b US-3b

1.1 0.1 037 0.12 2.83 04 0.23
-0.00 0.60 2.12 -0.01 0.11
0.70
0.40
0.10
1.10
3.00
6.80
0.4
328 42004890 77.502624 2535 418
22.00
22.9
201.1 1400 8279 19.201974 637 900
7.70
11.4
8.10
140
11.3
3.7
3.50
0.4
3.90

35.6 3.7 0.82 1.12 13.60 7.7 2.06
0.39
248.0
43.0
3.77 2.74

120.0
-0.18 1.63
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Table F-1. *H concentrations in understory vegetation at Area G (pCi/mL) (Cont.).
Stations Inside Area G: in order of occurrence along fence

Sample  Sample
Location Designation 1980 1994 1995 1996 1997 1998 1999 2001

G-4 US-G-4 1450
7a US-7a 2.87 g8 8
G-7 US-G-7 5.5
G-2 US-G-2 1610
G-2 US-G-2 15000
G-6 US-G-6 1028
6 US-6 952.5 2700 14744 1657
5 US-5 177.3 7300 3788 664 5600 1820

Table F-1. *H concentrations in understory vegetation at Area G (pCi/mL) (Cont.).
Stations Inside Area G: in order of occurrence along fence

Sample  Sample
Location Designation 1980 1994 1995 1996 1997 19981999 2001

G-5 US-G-5 19000

G-5 US-G-5 3860

G-8 US-G-8  64.8

G-8 US-G-8 146

7b US-7b 10.60 23 4.8 7.15
G-3 US-G-3 33

G-3 US-G-3 33

3 US-3 382 32 0.70 0.76 5.58 1.65 3.78
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Table F-2. **' Am concentrations in understory vegetation at Area G (pCi/g ash).
Stations Outside Area G: in order of occurrence along fence

Sample  Sample
Location Designation 1994 1997 1998 1999 2001

9 US-9 0.002 0.002 0.006 0.004 0.004
8 US-8 0.008 0.003 0.001 0.001
2 US-2 0.008 0.015 0.004 0.004 0.003
1 US-1 0.010 0.007 0.019 0.003 0.003
6b US-6b 0.071

4 US-4 0.090 0.063 0.062 0.034 0.086
7c US-7¢ 0.024  0.096
3b US-3b -0.004 0.002

Stations Inside Area G: in order of occurrence along fence
Sample  Sample
Location Designation 1994 1997 1998 1999 2001

7a US-7a 0.005  0.006
6 US-6 0.006 0.157

5 UsS-5 0.008 0.090 0.005 0.07

7b US-7b 0.108 0.035 -0.002  0.004

3 US-3 0.003 0.015 0.029 -0.003 0.004
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Table F-3. 2**Pu concentrations in understory vegetation at Area G (pCi/g ash).
Stations Outside Area G: in order of occurrence along fence

Sample  Sample
Location Designation 1985 1994 1995 1996 1997 1998 1999 2001

0.003 -

9 US-9 0.002 0 0.001 0.003 -0.0012 0.0013
8 US-8 0.001 0.001 0 -0.0006 0.0045
H-1  US-H-1  0.003

H-2  US-H-2 0.010

H-3  US-H-3  0.021

H-4  US-H4 0010

H-5  US-H-5  0.006

H-6  US-H-6 0.037

2 US-2 0.006 0.003 0.002 0.002 0.002 -0.0023 0
H-7  US-H-7 0.001

1 US-1 0.023 0.008 0.006 0.002 0.004 0.0026 0.001
H-8  US-H-8 0.009

H-9  US-H-9 0.001
H-12  US-H-12 0.080

6b US-6b 0.0091
H-13  US-H-13  0.081

4 US-4 0.452 0.080 0.057 0.092 0.042 0.0025 0.0151
H-15  US-H-15 0.029

Te US-7¢ 0.0201 0.062
3b US-3b -0.0026 0.0001

Table F-3. 2**Pu concentrations in understory vegetation at Area G (pCi/g ash)
(Cont.).

Stations Inside Area G: in order of occurrence along fence
Sample  Sample
Location Designation 1994 1995 1996 1997 1998 1999 2001

Ta US-7a 0.003 0.0002 -0.0001
6 US-6 0.003 0.004 0.004 0.017

5 US-5 0.012 0.001 0.000 0.051 0.002 0.031

7b US-7b 0.011 0.002 0.0013 -0.0018

3 US-3 0.022 0.005 0.005 0.005 0.004 -0.0024 0.0035
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Table F-4. 2****°Pu concentrations in understory vegetation at Area G (pCi/g ash).
Stations Outside Area G: in order of occurrence along fence

Sample  Sample
Location Designation 1980 1985 1994 1995 1996 1997 1998 1999 2001

9 US-9 0.001 0.002 0.0080.0060.002 0.012 0.0014
8 US-8 0.005 0.006 0.001 0.0013 0.0016
H-1  US-H-1 0.017
H-3  US-H3 0.014
H-4  US-H-4 0.030
H-5  US-H-5 0.007
H-6  US-H-6 0.047
G-15 US-G-15 027
2 US-2 0.013 0.010 0.0070.014 0.008 0.0054 0.0038
H-7  US-H-7 0.009
G-12  US-G-12 036
1 US-1 0.021 0.014 0.0110.0280.0110.00520.0012
H-8  US-H-8 0.014

G-11 US-G-11 0.24
G-10 US-G-10 0.34
G-10 US-G-10  0.92

H-12 US-H-12 1.040

6b US-6b 0.1279
H-13 US-H-13 0.160
G-13 US-G-13  10.6

4 US-4 0.153 0.133 0.1500.1480.1450.0114 0.021

Table F-4. 2*****Pu concentrations in understory vegetation at Area G (pCi/g ash)
(Cont.).

Stations Outside Area G: in order of occurrence along fence
Sample  Sample
Location Designation 1980 1985 1994 1995 1996 1997 1998 1999 2001

H-15 US-H-15 0.095
G-14 US-G-14 0.5
G-14 US-G-14 0.13
7c US-7¢ 0.0599 0.256
G-1 US-G-1  0.95
3b US-3b 0.006 0.0038
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Table F-4. ****'Pu concentrations in understory vegetation at Area G (pCi/g ash)

Stations Inside Area G: in order of occurrence along fence

Location Designation 1980 1994 1995

1996 1997 1998 1999 2001

(Cont.).

Sample  Sample
G-4 US-G-4

Ta US-7a
G-7 US-G-7
G-2 US-G-2
G-2 US-G-2
G-6 US-G-6

6 US-6

5 US-5
G-5 US-G-5
G-5 US-G-5
G-8 US-G-8

0.03

0.17

0.1

0.7

0.95
0.009 0.006
0.014 0.009

1.55

0.52

0.05

0.014 0.006 0.0015

0.009 0.155
0.013 0.051 0.014 0.0086

Table F-4. 2*****Pu concentrations in understory vegetation at Area G (pCi/g ash)

(Cont.).

Stations Inside Area G: in order of occurrence along fence

Sample Sample

Location Designation 1980 1994 1995 1996 1997 1998 1999 2001
G-8 US-G-8 0.1
7b US-7b 0.1200.046 0.0026 0.011
G-3 US-G-3 0.51
G-3 US-G-3 0.29

3 US-3 0.013  0.014  0.023 0.0250.0340.00510.0019
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Table F-5. *'U concentrations in understory vegetation at Area G (ppm ash).
Stations Outside Area G: in order of occurrence along fence

Sample  Sample
Location Designation 1980 1994 1995 1996 1997 1998 1999 2001

9 US-9 0.36 057 1.16 0.484 038 194 0.16

8 US-8 1.132 0.430 0.94 0.73 0.15
G-15 US-G-15 0.5

2 US-2 1.58 091 0.791 0.651 0.53 1.46 0.14
G-12 US-G-12  0.61

1 US-1 2.05 094 0.473 0458 0.61 0.82 0.22
G-11 US-G-11  0.57

6b US-6b 1.24
G-13 US-G-13  0.38

4 UsS-4 1.62 1.32 0.697 0.778 1.40 0.14 0.16

G-14 US-G-14 0.78
G-14 US-G-14  0.39

7c US-7¢ 1.01 0.38
G-1 US-G-1 1.08
3b US-3b 204 0.2

Stations Inside Area G: in order of occurrence along fence
Sample  Sample
Location Designation 1980 1994 1995 1996 1997 1998 1999 2001

Ta US-7a 0.864 1.08 0.28
G-7 US-G-7  0.09
6 US-6 1.72 0.86 0.943 1.253

Table F-5. ‘U concentrations in understory vegetation at Area G (ppm ash) (Cont.).
Stations Inside Area G: in order of occurrence along fence

Sample Sample

Location Designation 1980 1994 1995 1996 1997 1998 1999 2001
5 US-5 .23 0.81 0.811 0.979 0.68 0.76
7b US-7b 0.642 1.03 0.6 0.13
G-3 US-G-3 0.44

3 US-3 0.89 195 1.195 0.722 1.16 091 02
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